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ABSTRACT 


The  refill.) l on  controls  for  testing  ni ilitai >  materiel  under  adverse  environmental  conditions  of  the 
world  deserts  are  delineated.  The  desert  environment  is  described  and  specific  characteristics  of  the  majot 
world  deserts  delineated  Adverse  effects  of  the  desert  environment  on  military  equipment  and  materials  are 
discussed.  The  T  S.  Arms  Yuma  Proving  (uound  is  discussed  in  terms  of  its  facilities  and  capabilities  lor 
evaluating  the  suitability  of  military  materiel  for  operation  in  analogous  areas  of  the  deserts  of  the  World. 
Desert  testing  methodology  for  specific  types  of  Army  materiel  is  discussed  in  terms  of  development  and  exe¬ 
cution  of  test  plans. 


t 


[.  INTRODUCTION 


A.  GENERAL 


The  US.  Army  has  defined  a  desert  as  an  area  in  which  the  seasonal  or  annual  rainfall  is  less  than  (fie 
seasonal  or  annual  evaporation  rate.1"  Meteorological  conditions  common  to  all  desert  regions  are  glaring 
sunlight,  sudden  and  violent  windstorms,  and  drastic  changes  in  temperature.  I  utthei,  "the  most  important 
deserts— politically  and  militarily  -  are  the  Sahara  (which  includes  the  I  ibyan  and  Nubian  Deserts)  in  Noith 
Africa  and  the  Arabian  and  Seistan  Deserts  in  the  Middle  Iasi  Also  of  importance  is  the  Gobi  Desert  in  Mon¬ 
golia.  These  deserts  are  of  importance  because  they  separate  two  or  more  spheres  of  political  and  religious 
influence;  they  contain  valuable  mineral  deposits;  and  they  have  strategic  implications  because  of  their 
location"  (ibid) 


Because  military  operations  could  occur  m  these  areas  and  because  the  physical  Gnai 
regions  could  present  adverse  influences  on  military  equipment  and  personnel,  specific  crin 
mulgated  in  regulations  and  standards  for  guidance  in  the  development  and  use  of  military 
desert.  Inasmuch  as  the  developer  is  hound  by  the  performance  limits  and  constraints  es 
regulations,  standards  and  specifications,  equipment  so  designed  must  be  evaluated  again 
to  ensure  that  it  does  perform  as  prescribed  and  thus  have  a  high  probability  of  successfu. 
expected  env ironment. 


I  , Sties  v't  such 

have  been  pro- 
uipntcnt  in  the 
shed  by  these 
limitations 
,  .-ration  in  the 


The  purpose  of  this  manual  is  to  provide  the  detailed  background  necessary  for  an  understanding  of  the 
testing  of  military  materiel  in  the  desert  an  ironment.  In  so  doing,  however,  only  that  information  concerning 
the  desert  environment  that  is  specifically  pertinent  to  the  operation,  use  or  testing  of  military  materiel  items 
will  be  discussed.  Bibliographic  references  will  be  made,  where  appropriate,  to  other  sources  of  in-depth  in 
formation  on  specific  subjects,  such  as  otigin  and  development  of  worldwide  deserts,  detailed  taunal  and 
floral  characteristics,  geology,  terrain,  soil  structure,  and  climate.  Overall  desert  criteria  will  be  discussed  and 
desert  “analogs"  described  with  relation  to  testing. 


B.  REGULATIONS  AND  STANDARDS  FOR  ENVIRONMENTAL  DESIGN 
I .  Pertinent  Regulations  and  Standards 


Recognizing  the  impact  of  adverse  env  ironmental  conditions  on  the  operation,  transportation  and 
storage  of  military  equipment,  the  U  S.  Army,  in  coordination  with  other  branches  of  the  Department  of  Dc 
fence  and  those  of  allied  nations,  has  established  specific  regulations  governing  the  design,  development  and 
evaluation  of  military  equipment  subject  to  exposure  to  such  adverse  conditions.  These  documents.  Army 
Regulations  (ARI;  interservice  Military  Standards  (Mil  STD);  and  international  agreements,  QSTAG 
(Quadripartite— American  British-C'anadian  Australian  New  Zealand);  and  STANAG  (NATO),  provide 
specific  definition  of  the  environmental  factors  and  control  levels  desired  to  be  incorporated  into  materiel 
designed  for  worldwide  use.** 


•Superscript  numeral*  indicate  reference*  at  the  end  of  this  document 

••fquipment  which  i*  to  be  emplosed  exclusiselv  m  a  limited  region  should  be  designed  to  meet  the  specific  adverse  conditions  of  that 
region  rather  than  the  perhaps  broader  requirements  established  bv  ihcse  documents 
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discussed  in  i  ol  anon  u>  AR  o  t' 


MLE-STD-810  -  Environmental  rest  Methods  I  ho  oandatd  provide'  detailed  guidance  lot  em  i 
ronmemal  testing  performed  pnn.urdv  under  chamber  or  lahotuioiy  emulation  .ondiiions  It  delineate'  the 
specific  tests  to  be  conducted  and  define'  the  data  to  t  e  collected.  in  hiding  the  avcutacv  of  measurements  to 
be  obtained,  Except  per iphei alls .  it  does  not  pi  os  tile  'peal  n  gindanee  tot  testing  in  natural  ens  tr  onments  ' 

QSTAG  360  —  Quadripartite  (AH(  A)  Standardization  Agreement.  Climatic  Environmental  Con 
ditions  Affecting  the  Design  of  Mihtar>  Materiel  I  ho  an  in:  rr.jiion  statement  .d  the  probable  extreme 
climatic  conditions  to  be  met  hv  milttai'  e  p..ipn,c,:t  ::  .  round  o  >rage  >ran-i*  and  operation  I:  i  to  be  used 
for  test  planning.  It  sets  out  nine  "I'limati.  r  .-.u g.u  :c'".  delineating  d:  'iikovc  u'liiliittiri'  observed  in  lour 
types  of  world  climates  that  mas  be  etuourt— ed  t  ••  jv •  v  •.vjuiptncii:  i  Antarctica  excluded)  It  further  pro¬ 
vides  guidance  in  evaluation  of  acceptabilit »  o!  m.iteoet  r  .mures  m  accdidaiue  with  an  eight-level  Ja-'d  i.a- 
non  of  failure  covering  four  lev  .1' c.t  !  of  :e  .-_  !  .  .-.  o:  -'  .  m' hie  damage 

STAN  AC  2831  —  NATO  Standardization  Agieement.  Climatic  Environment-Temperature  and 
Humidity  Limitations  for  Equipment  used  b>  NATO  Armed  Forces  in  a  Ground  Role,  rho  agreement  is  es 
sent  rails  equivalent  to  the  QSJ  AG  360  agreemcn-  1:  -.•Meet,  t  .\:.-d-  those  p,ov..  tons  to  cover  aii  N  A'lO 
ground  equipment.  It  provides  maximum,  minimi  ru  .tuiui.u  tempe:  r.u-e  and.  hunuditv  limits  for  opera¬ 
tion  and  storage  of  equipment  in  s»v en  ttu.Ui-:  i-xticmc"  cutcgot it> 

2.  Relationship  Between  AR  70-38  and  Other  Standards  and  Agreements 

There  are  two  principal  .btii  i'Oiuc-  bet w ee-i  \ss  ~n  3'.  V.  it  a  1 i  >-2in.  and  the  other  documents 
concerned  with  defining  limitations  o;  a  i»ctse  enviTom:  eitt.ii  tacte's; 

•  MIL  SID  2)0  apphes  only  to  mate:  tei  designed  tot  worldwide  ust  I  he  other  documents 
provide  criteria  tor  operation  m  mote  limited  /onal  regions  by  delineating  climatic  categories 
wnhin  the  worldwide  scope 

•  AR  "0-38  rtvogni/ev  ih.tr  ‘'with.:..-  ding"  i  slot  age  .mu  t*ansit)  envitonments  mav  induce 
more  severe  conditions  (higher  tempet .nitres i  •;  m  occut  naturally  .  The  other  documents  do 
not  include  this  mote  sirmgen:  limitation,  although  they  prescribe  extreme  cold  temperature 
categories  not  accented  it'  \K  ’s 

3.  One  Percent  Risk 

A  pi'licv  designated  as  "one  percent  risk 1 '  i  •  established  in  defining  the  limitations  of  the  va¬ 
rious  environmental  factoi'  in  Mil  SI!)  2i(>.  I  hose  aie  values  of  climatic  elements  that  are  exceeded  not 
more  than  one  percent  of  the  time  of  the  most  extreme  month  m  an  average  year  at  the  most  severe  location 
for  that  clement  (f  or  low  temperatures,  the  level  selected  was  for  20  percent  of  the  time  and  for  rainfall.  0.5 
percent.)  The  probability  that  materiel  will  be  exposed  to  a  specific  environmental  element  extreme  cannot  be 
accurately  computed;  however,  these  values,  known  as  "one  percent  design  values",  are  considered  to  be  verv 
conservative.  'r  Al 

Because  ol  the  stringency  of  these  limitations  imposed  tor  worldwide  use,  where  certain  of 
the  climatic  elements  achieve  their  one  percent  design  vaiucs  m  very  limited  locations,  some  modification  of 
this  policy  is  recognized  in  AR  70-38  and  the  international  agreements  Hence,  the  climatic  domain  of  the 
world  is  divided,  on  the  basis  of  temperatures,  mto  zones  (four  for  \K  "0-3S  and  three  for  QSTAG  360  and 


STAN  AC i  28.11).  I  hesc  arc  further  subdivided  with  respect  to  precipitation  and  humidity  In  effect,  this  ap 
proach  allows  the  design  of  equipment  lot  use  at  one  ot  the  other  of  the  extremes.  which  establishes  it  as  a 
unique  design  situation.  Other  materiel,  not  expected  to  be  employed  under  that  condition,  would  thus  he 
freed  of  the  necessity  for  accommodating  that  limitation  to  the  extreme  degree  otherwise  called  lor 

b.  (  omparamc  /'/in, sums 

Tables  I-l .  1-2,  and  1-3  show  the  comparative  values  for  these  climatic  categories,  and  Table 
I  4  summarizes  the  provisions  of  Mil  -SI  D-210  and  includes  environmental  factors  not  treated  in  the  other 
documents.  There  are  some  differences  in  values  foi  the  various  climatic  elements  among  the  first  three 
tables,  but  these  are  essentially  negligible,  generally  arising  from  conversions  between  USA  and  metric  mea 
surement  standards.  QSTAG  360  and  STAN AG  2831  are  practically  identical  except  for  the  omission  of  the 
wet  warm  and  wet  hot  (B1  and  1)2)  categories  by  STANACi  2831 .  AR  70-38,  however,  omits  the  “extreme 

TABLE  1-1.  SUMMARY  OF  AR  70-38  TEMPERATURE,  SOLAR  RADIATION,  AND  RELATIVE 

HUMIDITY  DAILY  CYCLES 


Ope'at  oi'd1  Conditions  Storage  and  t  tansu 

Conditions 


1 

1 

Devq- 

Jh  T  Avi  VO 

. . .  A.. 

So  a* 

A'tttlifr’ 

'"dined  A  > 

Km  ed 

1 

f  Jubdlfe'S  * 

T*»mperatu*e 

i  Mao  a*  o>' 

^ptat  .e 

temperance 

we'at  »e 

I 

► 

i 

, — 

’ 

P(,r  y\  —■ 

1  •*  * 

f 

M  /N,)  !,  * 

:»'v 

Mt’  t.  •  '.V 

It*- 

Hi  tO 

A  ' 

M  4  1 

1  H 

Id  ! . 

j 

j 

Mot 

Mo:  H  .no 

H8U  b*b 

34  4 

‘>9  m  K8 

9t  tc  ’bt 

b.o 

V  to  41 

cl  ’  Wt 

S9  to  88 

13  to  'i 

M  to  NO 

Constant 

Vm-  , 

Near  > 

M.gH 

s  -slant 

Constant 

Humidity 

Spy.  . j «l  '•> 

9b  to  MX 

80 

9b  to  MV 

B’  ■ 

.’4 

,1  7 

v  anab'e 

H.gh 

•8  to  9b 

r..  «>  * 

74  to  100 

8b  to  Mb 

’9  to  'S 

Mum-dM  v 

t. .  jb> 

0  to  9  ’ 

H  ts.t 

j 

'30  to  63’ 

B.IV  H„t 

86  'o  t  V 

!  0  tc,  3S6 

1 4  It'  44 

8b  to  14b 

b  to  44 

a; 

lie  1-.41 

|  ok-  it?1 

-  30  to  63 

Htsk  l  nl<1 

b’o 

T  ending 

M  to  4'8 

T  ending 

(  i 

.m  to 

i  Negiig.tde 

tOWJ’tl 

1  2b  to  33 1 

toward 

i 

saturation 

satu'at'oo 

»>ld 

C  -  ..1 

JS  fu  SO 

T  ending 

36  to  bO 

1  pndmq 

•1  4’ 

i :  t.v  4* 

i  Negligible 

toward 

«  3  7  to  46 ' 

toward 

■ 

i 

saturation 

saturation 

( 

be 

T  ending 

60 

T  ending 

Severe 

1  .-I,} 

•  t  old  soak  ’ 

Negligible 

toward 

t  bit 

toward 

; 

..id 

_.  J 

r  { 

-,1 

_...  _  .  ....  ... 

saturation 

saturation 

*  DevgrtfUioes  m  iM'i'i'IMi’si’s  '1*1 "  1. 1  ni'iisponiiing  t  timatir  .  dtpgories  in  OuacItilMttite  Standardization  Agreement  360  t'tiiTMfii  f  ii,  ' 
•«* nt"»>t'U)  i  ».»■'. f«iM\  A**fi  ti'tij  .' 'i’viji’  ■  Va/p/.pi  T vAto  o*  the  QSTAG  160  t  iiipgonps  CO  and  C4  are  not  used  by  the 

Irs-fpd  St,*tfN 

V*  if#  1  bp  '..rubers  show'-  ♦<*'  t*  *»  ,  elements  represent  only  the  upper  and  lower  timts  of  thp  cycles  that  typify  days  du"ng  whi(  h 

extremes  *.  it,*  **  q  *hr  M.*t  fVy  vi  if  1?0  f  is  .hr  mjiimunt  daytime  temperature  and  90  F  is  the  minimum  nighttime  ipr 

parly  morning  temper ai •  »»»• 
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TABLE  12  SUMMARY  OF  QSTAG  360  TEMPERATURE,  SOLAR  RADIATION  AND  RELATIVE  HUMIDITY 
EXTREMES  FOR  CONSIDERATION  IN  DESIGN  OF  MILITARY  EQUIPMENT  CELCIUS  SCAl  E 


*t'Tt 


>'  ••  •  sot#  ,r  A  .v-.*  a  *  1  ■  "Vl»'  "'-s  Npf  *  •'»’«»»*  #%  » ••  •<;  "i ■  <r»g  o*  *»<L  'I'niio'* 

v  a*'<i  a  vngfe  r*>  <  >«►'’•{>*'•«?  .  •<*  'fl  i  **-'*•  1  i>»  ■  ivni-3*-»<: 

a*.  *q’>qtt><f  a'><1  »  a*'ve  ►'L,f»vriitv  as  'n^a'is  sav.-a* 

S  &"*•  ,  -lo^S  'ft  uSf  atpgn-s 


cold”  (C4)  category  of  -60°  to  -70rF  (-51  to  -57  C)*  and  considers  the  "severe  cold”  (C3)  category  of 
-60° F  (-51"C)  only  for  cold  soaking  during  operating  conditions  and  for  transit  and  storage  (withstanding). 

3.  Unique  Provisions  of  AR  70-38 

AR  70-38  includes  a  statement  identifying  and  classifying  materiel  failures,  as  related  to  adverse 
climatic  factors,  as  “reversible"  and  “irreversible,"  with  respect  to  whether  normal  operation  is  regained 


In  chi*  document  all  measurement  conversion  will  he  10  the  same  order  of  precision,  unless  otherwise  slated 


TABLE  1-3.  TEMPERATURE  AND  HUMIDITY  LIMITATIONS  FOR  EQUIPMENT  USED  BY  NATO 
ARMED  FORCES  OPERATING  IN  A  GROUND  FORCE  STANAG  2831 
OPERATING  AND  STORAGE  LIMITS 


OPERATING 

1 

t 

bTURAO* 

Designation 

E  ttreme 

R«iat«v*  MuiiiuW «  » 

Mn'i>u" 

'li. 

reme  ^  Re  at  ,e  **„rv.-j  *.  '■* 

Oim#ll 

ol  Climatic 

T  empei  ature 

Accompanying  ■  A  •,  ■  < 

w 

aVdt..i 

,  <». 

>*•>*■  >e  Ara.rr, panyiny  j  A  -  < n’lpan »  ng 

Limit 

t  »tremes 

me»  temp  Hi  .  ’hi", 

ma«  temp  u<  i  m.r:  temp  >  * 

Categories 

)ai<v  v  yi  Ir*  j  id  :  »  y  i 

dadyCvvle  tadv  ryfl*  _< 

;  ’  !”  *  ;  sc. 

Basic 

A  1 

Hot  Dry 

1 2b 

w 

*>  1 

tf.  ’ll 

Operating 

Intermediate 

2b 

32 

Tending  towards  r»at.  •  it'.. 

JC 

34  1  Tending  towards  saturation 

Limits 

C1 

Cold 

1 

B3 

Humid 

Hot 

Coastal 

Desert 

too 

38 

63  !  « 

1 

’  ’  ' 

i 

”  '  if’.  86 

i  ..  _  j_ _ --  - 

T  emper  ate 

intermeidate 

no 

44  1  70  | 

v*  ‘  1  « 

'  4* 

6,i  i  6  j  SO 

only 

A  2 

Hot  Dry 

1 

Operating 

Intermediate 

2b 

32 

Tendi'-g  towa'ds  sar  v 

* 

M  'ending  f: iwards  saturation 

Limits 

Cl 

Cold 

Colder 

<2 

Cold 

so 

46 

Tending  towards  v1'  1  -i ; 

V 

4F  !  Te'  -1  ng  towards  satu'at''in 

Operating 
l  units 

C3 

Severe  cold 

60 

SI 

Tending  towards  sat.  at  ■  > 

i  « 

S1  t  ending  t.iw.^'ds  satv. ration 

c.i 

Entreme  cold 

70 

57 

T  ending  towards  satd'atu  • 

b'  T  ending  towards  satu'at'nn 

when  the  effect  of  the  adverse  environmental  condition  i'  removed  QS  1  AG  36(1  and  STANAG  283  I  catego¬ 
rize  such  failures  further  into  eight  types,  with  icspevt  to  the  relative  degradation  caused  by  environmental 
conditions  in  excess  of  those  for  which  the  materiel  was  designed,  as  follows: 

a.  Reversible  Failures 


•  Type  A  The  equipment  may  continue  to  function  but  with  reduced  performance, 

returning  to  normal  efficiency  after  the  more  extreme  conditions  cease.  It 
remains  safe  throughout. 

•  Type  B  The  equipment  may  cease  to  function  altogether  but  recover  normal  effi¬ 

ciency  after  the  more  extreme  conditions  cease.  It  remains  safe  throughout. 

•  TypeC  The  equipment  continues  to  function  but  with  reduced  performance  during 

the  extreme  conditions  and.  in  addition,  becomes  dangerous  to  life  or  to 
some  other  essential  equipment  in  the  vicinity.  When  the  more  extreme  con¬ 
ditions  cease,  the  equipment  will  return  to  normal  efficiency  provided  the 
danger  did  not  eventuate. 

b.  Irreversible  Failures 

•  Type  D  During  extreme  conditions,  the  equipment  ceases  to  function  and  endangers 

life  or  other  adjacent,  essential  materiel.  It  returns  to  normal,  safe  perfor¬ 
mance  when  the  extreme  conditions  have  abated,  if  the  danger  has  not 
ensued. 

•  Type  f-  The  equipment  may  continue  to  function  w  ith  reduced  performance  but 

after  the  more  extreme  conditions  cease— never  returns  to  normal  effi¬ 
ciency.  It  remains  safe  throughout. 
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TABLE  1-4.  ENVIRONMENTAL  FACTOR  LIMITS  FOR  GROUND  EQUIPMENT  AS  DEFINED  BY 

MIL-STD-2108 


ENVIRONMENTAL 

FACTOR  HIGHEST  LOWEST 


WITHSTANDING 


OPERATION  EDE'.yrs  2  5 


High  Temperature 

136(58) 

1%  1201491 

Temp  . : 

128(53) 

130(541  1 

°F  (°CI 

5%  115(46) 

10%  113  145) 

Low  T  emperature 

901-68) 

1%  78(  611 

Temp 

86  1  66  1 

89  (  67  I  -< 

°F  (°C) 

5%  -70  (-57) 

10%  -65  1  541 

20%  601-51) 

50%  -50  1  46) 

High  Absolute 

35x1 03 

1  %  30  x  103  ppm,  88  (31  °)  dp 

Humidity 

95  (341  dew  pt 

130  day  periods  variable) 

NA 

Temp.  'FI°C) 

5%  28  x  ID3  ppm,  86  130)  dp 

during  day 

10%  26  x  103  ppm,  84  (29)  dp 
20%  25  x  103  ppm  83  (28)  dp 

Low  Absolute 

2.05  ppm 

5.24  ppm 

ppn; 

2  82 

2  22 

Humidity 

91  (-68) 

791-621 

frost  point: 

87  <  66  ) 

90  (  681  -! 

Temp,  "F  (°CI 

frost  point 

High  Relative 

100%  84  (291 

100%  78(26)to 

100%  75  (241  to  95%  75  (24) 

Humidity,  Temp,  0F(°CI 

74%  95135) 

Low  Relative 

2%  110(431 

3%  1201491 

temp  at 

128(531 

130(541  1 

Humidity,  Temp,  *F  (°C) 

3%  RH 

rci 

Withstanding  for  wind  gust  speeds,  i 

Wind  Speed 

312195) 

73  1221,  1%  risk 

105(32) 

100(30) 

fps  Imps) 

SHD**,  ft  (m) 

<21.61) 

5(1  51 

Rain  Rate 

1.23(31.2) 

0.0315  (0  80), 0.5%  extreme 

for  1  hr.1 

4  0 

4  7(121 

in. /hr  (cm/hr) 

for  12  hr.2 

0  9  (2  3) 

11  (3  01 

for  24  hr.3 

0.6(1.51 

0  7(1  81 

*EDE  -  Expected  duration  of  exposure 

•*SHD  -  Shortest  horizontal  dimension  of  test  object 
(1.2.31  Wind  speed  at  height  of  10ft..  fpslmps):  (I1 110(331.  (2184(26),  (3)68(21) 


rTAL  FACTOR  LIMITS  FOR  GROUND  EQUIPMENT  AS  DEFINED  BY 
MIL-STD-2108 


WITHSTANDING 


OPERATION  EOE'.yrs  2  5  10  25 


1%  1201491 

5%  115(461 

10%  113  (451 

Temp 

128(531 

130(54) 

131  (55) 

133(56) 

1%  78.  61’ 

5%  70  (  57i 

10%  65  <  54 1 

20%  60  i  511 

50%  50  i  461 

T  emp 

06  (  66'  1 

891-671 

92(  69  i 

95(71) 

1%  30  a  103  ppm.  88  (31  )  dp 
(30  day  periods  variable) 

5%  28  a  KV  ppm  86  I30i  dp 

NA 

during  day 

10%  26  a  W  ppm  84  1291  dp 
20%  25  a  10'  ppm  83  '28i  dp 

5  24  ppm 

ppm 

2  82 

2  22 

1  74 

1  36 

79  1  62' 

frost  point 

87  (  66»1 

-901-681 

93  (  701 

96  )  711 

100%  78  1261  to 

100%  75(241  to  95%  75  (24) 

74%  95  1351 

3%  120)49) 

temp  at 

3%  RH 

128(531 

130(541 

1 31  (551 

133(56) 

Withstanding  for  wind  gust  speeds, 

not  years 

73(22).  1%  risk 

106  (32) 

100(30) 

95(29) 

90(27) 

84  126) 

SHD**,  ft  (m) 

<2 1  61) 

5(1.5) 

10(3.01 

2517.6) 

50(151 

0  0315  (0  801.0  5%  extreme 

for  1  hr  1 

4.0 

4  7  02) 

5  2(13) 

5  8115) 

for  12hr,2 

0.9  (2  31 

1.1  (3.01 

1  2(3  0) 

1  3(3  3) 

for  24  hr.3 

06(15) 

0  7(1  8) 

0.7(1  3) 

0  8  (2  0) 

81  (251 
100(30) 


|»,  (3168(21) 


TABLE  1-4.  ENVIRONMENTAL  FACTOR  LIMITS  FOR 
GROUND  EQUIPMENT  AS  DEFINED  BY  MIL-STD-210  Icont'd) 


ENVIRONMENTAL  - 

FACTOR  HIGHEST  LOWEST  OPERATION  EDE\  yrs: 


Hail  Size 

516(142) 

None  Dia 

die,  in.  Imm) 

001  %  extreme  2  150) 

01  %  extreme  0  8  (20) 

High  Press. 

31  89(1080) 

Highest 

in  Hg.  (mb) 

Low  Press. 

14  8(503) 

1%  15(5061 

in  Hg  (mb) 

5%  15.21514) 

10%  15  4  15201 

20%  15.6(5271 

High  Density 

0.111 (1.78) 

0  107(1  721 

lb/ft3(kg/m3) 

90  (  681 

78  1  61) 

at -FTC) 

Low  Density 

0  0441  (0  707) 

lb/ ft3  (kg/m3) 

at  57(17) 

at  15000’  (4.57  km 

elev  ) 

Ozone,  lb/ ft3(^g/  m3) 

203  x  10  •  (325) 

1  37  x  10  *(220) 

Sand  Sl  Dust 

3.75  x  10  4  (6) 

near  aircraft  1  32  x  10  *  <2  19)  <500  m  m  dia 

lb/ft3  (g/m3) 

(<74  |,m  dial 

near  vehicles  6  61  x  10  s  (1.06)  w/50  fps 

(18  mps)  wind 

at  10ft  (3m)  ht / <  1000  Mm  dia 

natural  conditions  1  10  x  105  (0  177)  w/50 

fps  (18  mps) 

wind  at  10  ft  (3m»  ht /  <  150  Mm  dia 

WITHSTANDING 


2  5  IQ 


2  61701  3  1(801  3. SI 


Highest 


14  8  (5031  Highest 


NA 


NA 


NA 

NA 
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STABLE  1-4.  ENVIRONMENTAL  FACTOR  LIMITS  FOR 
(UND  EQUIPMENT  AS  DEFINED  BY  MIL-STD  210  loom'd) 


WITHSTANDING 


OPERATION  EDE*,  yrs:  2  5  10  25 


None 


Dia  2.6(70)  3.1(80)  3.5(90)  4  M00) 


Highest 


Highest 


1%  15(5081  14  8  (503)  Highest 

5%  15  2(5141 
10%  15  4(520) 

2C%  15  6(627) 

0  107(1,721  NA 

78  (  61) 


0  0441  (0  7071  NA 

at  57  0  7) 


1  37  x  10  8  (220)  NA 

near  aircraft  1  32  x  10  *  (2  191  <500  m  m  dia  NA 

near  vehicles  6  61  x  10*  II  06)  w/50  *ps 
IlSmpsi  wind 

at  10  ft  (3ml  ht  <  1000  Hm  dia 
natural  conditions  1  10  x  105  (0  1 77)  w/50 
H»(18mps) 

wind  at  10  ft  (3  ml  ht/ <  150  «m  dia 


•  Type  F  The  equipment  may  cease  to  function  altogether,  having  suffered  complete 

and  permanent  damage  from  the  extreme  conditions.  It  remains  safe 
throughout. 

•  TypeCi  The  equipment  functions  with  reduced  performance  and.  in  addition,  be¬ 

comes  dangerous  to  life  or  to  some  other  essential  equipment  in  the  vicinity, 
this  danger  continuing  for  a  long  time  (perhaps  indefinitely)  after  the  ad¬ 
verse  conditions  have  abated. 

•  Type  H  The  equipment  ceases  to  function  and  does  not  recover  and,  in  addition,  be¬ 

comes  dangerous  to  life  or  other  essential  materiel  in  the  vicinity,  this  dan¬ 
ger  continuing  for  a  long  time  (perhaps  indefinitely)  after  the  adverse  condi¬ 
tions  have  abated. 

c.  Other  Provisions  of  AR  70-38 

•  Rain 

Operational  rate:  0.03  in. /min.  (0.80  mm/min.) 

0.07  in. /min.  (1.80  mm/min.)  for  missiles  and  aircraft 

Nominal  drop  size: 


Diam.  (mm) 

Number/m' 

0.5-1. 4 

2626 

1. 5-2.4 

343 

2. 5-3. 4 

45 

3. 5-4. 4 

6 

4. 5-5.4 

1 

5. 5-6.4 

1 

[Accompanying  wind  velocity,  intermittent,  60  fps  (18  mps)] 

•  Snow 

Snowfall  rate:  —  max.  3  in. /hr  (76  mm/hr) 

Crystal  size:  —  range  0.05-20  mm  (.001  -.8  in.) 

—  median  0.1  -1.0  mm  (.004-. 04  in.) 

—  blowing  snow:  0.02-0.4  mm  (.001-. 016  in.) 
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Horizontal  Mass  How  in  Air  at  44  tps  (14  nips)  at  the  hollowing  Heights  Abose  the 
Ground  Sin  face. 

(temperature  range  14' I- to  4  !  (  lO  'C'io  20  C  )  down  to -40  I  (C  ) 

Height  Above 

Surface  Mass  How 


(ft) 

(in) 

(lb  ft'  see* 

(g  ni;  sc. 

.4.4 

10 

45  «  ,0  1 

S  •> 

25 

7.5 

.68  -  It)  ' 

5.5 

16 

5 

82  *  10  ' 

4.0 

8.2 

2.5 

1.4  «  III  ‘ 

6.9 

5.5 

i 

4.5  s  1 1 1  ' 

16 

2.5 

.">5 

4  s  ,  pi  ' 

**  ■> 

1.6 

5 

6.6  ■<  10  1 

\2 

8 

25 

!  4  *  !  i  >  ! 

.5 

.i 

4i  >  1 ;  i  ’ 

2oo 

2 

.05 

109  x  10  ' 

550 

Snow  load 

Portable  equipment  (tentage)  10  lb  ft  (44  Kg  m:).  20  in.  (0  5  nt)  at  0. 1  sp.  gr . 

I eniporary  equipment  (tigtd  shelter')  20  lb  ft-’  i9K  Kg  tn:|;  40  in.  (1.02  tn)  at  0.1 
sp.  gr. 

Semipermanent:  48  lb  ft  -  ( 2  45  Kg  m-'i  96  in.  (2.44  rn)  at  0. 1  sp.  gr. 


Icing 

Operational:  0.5  in.  (1 4  mat)  at  05  sp,  gi 
W  ithstanding:  see  Mil  -S  I  D  210 


Hail 

Operational:  up  to  2  in.  (51  mm)  diameter 


Wind 

Operational.  Same  as  Mil  S  !  [)  210  a'  10  ft  G  nt)  height 
Steads  74  fps  (22  mps) 

Gusts  95  fps  (29  nips) 


Multiplying  factors  for  other  elevations  above  surface: 


Height 


(ft) 

(m) 

Steady 

Gusts 

s 

1.5 

0.917 

0  946 

10 

3 

1  .(XX) 

1 .000 

20 

6 

1 .090 

1 .057 

30 

9 

1.147 

1 .092 

40 

12 

1.189 

1.117 

50 

15 

1.222 

1137 

75 

23 

1.286 

1.175 

100 

30 

1.334 

1.202 

200 

61 

1 .454 

1.271 

300 

91 

1.530 

1.313 

400 

122 

1.586 

1.343 

500 

152 

1.631 

1.368 

1000 

305 

1.778 

1.445 

Sand  and  Dust 

Particle  Si/e: 

Range— 0. 1  to  1000  jim  (3.94  »  10  *•  to  3.94  *  10  :  in.) 

Median  — 74  jim  (2.9  *  10  ’  in.) 

Operational  concentrations  at  70°  K  (21  ^  O  and  less  than  30°7o  RH 
Ground  equipment  in  downwash  of  helicopters  or  aircraft 
(unpaved  surfaces)—  1 .32  x  10  4  lb  ft'  (2. 19  gm  m’ 

Equipment  near  operating  surface  vehicles 

6.61  *  10  '  lb  ft'  ( 1 .06  gm  m')  in  winds  59  fps  ( 18  nips)  at  10  ft  (3  m)  height. 
I'quipment  subject  only  to  natural  conditions 

l.l  *  10  '  lb  ft'  (0.177  gm/m’)  at  winds  59  fps  (18  mps)  (particle  si/c  up  to 
1 50  jim  (5.9  x  io  '  in.) 


O/onc  Concentration 

Operational:  1.37  x  10  *  lb/ ft '  (220  jig  m') 


Atmospheric  Pressure 

Operational  High—  1080  mb  (31 .89  in.) 

Low— 508  mb  ( 15.0  in.)  at  1 5, (XX)  ft/ (4,572  m) 
Lxtrcme  Sea  I  evel  l  ow  —  877  mb  (25.9  in.) 
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t  LIKE  CYCLE  OF  MILITARY  MATERIEL 


The  "Life  C  ycle''  o!  .tcquivition  and  use  ol  the  weapons  and  equipment  (materiel)  of  the  Arniv  is  usu 
ally  depicted  in  a  sequential  pi oscss  from  piocuieinent  to  issue  to  the  operational  arm  or  service. i;  l‘“"  1  1 

Where  nonexpendable  materiel  is  concerned,  issue  and  operational  use  may  include  intermediate  stages 
of  field  storage  or  maintenance  and  reissue  before  ultimate  consumption  or  disposal,  and  operational  use  may 
include  storage  (stowage!  and  installation  on  vehicles,  instrumentation  vans;  and  artillery  or  missile  launch- 
eis,  i  e.,  transportation  modes. 

Throughout  this  sequence,  adverse  env  ironrnent.il  effects  can  and  do  at  ted  the  condition,  operation  and 
effectiveness  of  the  materiel,  and  the  deleterious  aspects  o!  these  environmental  factors  must  be  understood 
and  taken  into  consideration  duiing  the  •‘development”  (design)  phases,  which  precede  the  initial  "procure¬ 
ment"  stage  in  the  life-cycle  sequence  Consideration  ot  cm  ironmentai  factors  in  testing  of  materiel,  jusi  as  in 
its  initial  design,  or  in  evaluation  ol  modifications  to  improve  its  design  must  be  antecedent  to  the  beginning 
of  this  life-cycle.  That  is,  the  stage  of  the  life  cycle  concerned  with  procurement  involves  not  onlv  production 
but  must  include  or  be  preceded  hv  all  of  the  engineering  pio^O'scs  necessary  to  it  — design,  development,  test¬ 
ing.  and  approval  for  production 

A  more  or  less  effective  "denctency  repotting"  system  makes  known  to  the  procuring  agency  (Devel¬ 
oping  C  otnmand!  deficiencies,  environmentally  induced  as  .veil  as  operationally  induced,  which  occur  after 
issue  of  the  materiel,  as  depicted  bv  the  broken  lines  in  1  iguie  l-l  Depending  upon  the  seriousness  and  ur¬ 
gency  for  correction  of  these  deficiencies,  tliev  may  be  corrected  in  .urrent  production  of  the  item  and  possi 
hly  even  retrofitted  to  equipment  already  deployed  ot  held  for  consideration  of  change  in  future  production 
Such  modifications  should  be  subjected  to  env  ironmentai  testing,  just  as  was  the  original  design,  in  order  that 
correction  of  the  deficiency  can  be  assured. 

The  several  phases  ot  the  life-cycle  sequence  form  the  framework  for  the  testing  of  materiel,  particularly 
insofar  as  adverse  environmental  factois  are  concerned  Analyses  of  suitability  must  include  aspects  of  stor 
age.  transportation,  maintenance,  and  safety  in  addition  to  operational  adequacy 

D.  U  S.  ARMY  ENVIRONMENTAL  TESTING 

1.  Testing  Under  A R  70-38 

AR  70-38  is  the  governing  document  for  adverse-environment  testing  of  materiel  for  use  by  the 
Army  It  specifically  provides  that  "materiel  under  development  is  always  tested  in  climatic  chambers  and 
usually  undergoes  additional,  natural  (or  field)  environmental  tests."'  p’,a  1  *  i«"piwvw  ad'JcJl  slKq1  (CS|,ng  )s  a 
significant  part  of  the  overall  testing  and  performance  evaluation  process  to  which  all  Army  materiel  is  sub 
jected  during  its  development,  as  delineated  in  AR  1000- 1 . 

I  he  testing  process  outlined  in  these  regulations  is  essentially  oriented  to  organizational  response 
briny  rather  than  functional  necessity  Practically,  it  is  of  utmost  importance  that  preliminary  research  and 
investigative  studies  of  new  materiel  consider  the  effects  ot  the  expected  operational  environment  in  Us  dc 
sign  Such  studies  frequently  necessitate  exposure  of  component  elements  of  the  experimental  or  development 
prototype  item  or  system  to  expected  adverse  conditions  by.  or  under  the  direction  of,  the  development  cngi 
neer  Ihese  arc  frequently  not  acceptability  tests  of  the  component  or  item  but  experiments  to  develop  funda 
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menial  performance  data  to  o  table  in  design  •>>  p-ogre-  •:  !.•  ’r.|  out  a  n>i  ept.iai  .lea  Mi-.  I  'e-i  .tie  e' 
Joir.  roaliiie  (i  e  ,  cs'nducted  umiei  -oi  u  -Miklai  sb. ed  pi  o.  edarc  i  but  a:  e  ad  hue-  pe.ia-  pm  pose  !<>  obtain 
specific  information  tot  the  development  engineer  :  hex  -! ts'iiid,  perii.ip'.  t'e  better  Je.igi.ated  a  1  exper: 
ments"  rattier  than  tests  It  n  essential  in  Mich  ptogiains  that  the  engineei  reque-'ii.c  the  intormation  he  the 
ultimate  authoritv  for  the  plan  and  viidim:  the  »est  He  should,  ot  •;t>utse.  o  ti'iii;  with  othei  expert ••  m  the 

field  in  regard  to  such  sp-.vuli.-t  d  .oca-  •!  mviest  a  -  advc  e  m.  •  ronnenta,  u:-pa  :  ,‘e  •  eloping  the  i re¬ 

design 

L nvironmenta!  chum'  a 

natural  environment;  howevei .  i;  -  i: .  >  .e: 
ural  conditions.  Ibis  is  parttculailv  iim  U 
have  impact  on  the  perfotmatu-.  o' 
and  insolation  being  characicri  -a. 

Another  type'  of  testing  m  du-  >•  r”  .irKd  'ecj'  t,  and  :c  •  .  topme'i:  e •  •  that 

might  also  involve  desert  testing  t  ■  -v;  Cui  ,i  i  a ■  -.  I  e-imp  •  I  m  -  'a •  ■  m,, .!  ■  .  or 

ducted  by  the  combat  operationa1  m  <  *•.  -  :t  be  ie> .11  mg  t  ‘  i ;  ■  :  a-,1'  ■  ■ .  • .  ■.  ‘  a  ,ot..ep\ 

system,  or  commercially  available  ;•  •  :  :<>  tuce.  ’ S  :  s:  >  •  •.  e.;  Muk  u  -tiag  would  in.,..  r 

duce  operational  (tactical  employ  nice: , .-a  i •  b  than  physic a-  pcrfotniance  .fata 

2.  Natural  Environment  vs  Simulated  Environment  Testing 

Environmental  testing  >.  •  '•  opc>  id  oji  lafoi  of  the  pertointan,  •.  o;  an  item 

under  adverse  environmental  mi!,.  -.  c  •  ...  ot  p-  a  me.  atmospi.  ■:  u  p>'!.at>.  .  ,  !tPu:tt  .oud, 

tions,  precipitation,  humiditv.  .ska  :  e  :..:ene:n  taduii  on.  .u^elei at  i an.  viMation.  and  other  Mich 

factor,  representative  o!  the  hum.  ■■  ■■■-..  ...  ed  I  In  envi-.runent  can  he  either  natural  ot  it; 

duced  .  and  environmental  tes'i  u*  i  t  .isbet  •  o  :a!  oi  .in. nates!  depending  on  the  characteristics  ot  the 
item  being  tested  and  the  objectr.es  •  tun. 

Natural  environmcn  '  o  tarl-  "eraiion  ot  'be  ;  ■  in  ana  :  coi,  deration  in  the  tegiort  sir 

regions  of  the  world,  or  analogous  m.  a.  . '  ei  i  '  be  exit  cine,  -t  ad  .  esc  en .  non  mental  conditions  of  in  iciest 

can  be  found.  The  complete  range  .  .  k  ah  .  ei  •  •.  ondi'ioti'  :«  v.'ttch  an  item  designated  lor  worldwide  serv¬ 

ice  could  be  subjected  might .  thiieb  ;  ..sit  for  t  >tuial  eiivuomnental  a-' ting  m  arctic,  desert  tropic,  moun¬ 
tain.  and  seacoast  areas  in  order  o  t cau  nab!,  m-e  of  os  ,uci  ess  m  ns  -ci  v  is. e*  role.  Such  testing  can  be  both 
expensive  and  time-consuming. 

Simulated  environment  \  •  v-g  hiuuih-  seleaton  o!  extreme  lev  el .  of  adverse  environmental  fac¬ 
tors  against  which  the  item  is  t<>  he  -■  led  :•>  an  engineered  lie.  controlle.lt  atmosphere  -  chamber,  test  cell, 
test  fixture  —  so  that  the  impact  o'  i  h.-  ■  c :  a  ,i-.>  en-  i  tarn  mental  elements  can  be  measure- 1  and  delineated 

It  is  evident  that  there  ,u  ,,  i  an  (ages  ji-d  .Jisads  ant  ages  to  each  tv  pc  s’ I  env  iron  mental  testing 

a.  Saturjl  !  in  /ro/i/m  ;  /e-'r  ig 

•  Advantage. 

•  Combin'  .  ah  ,  o  a  onnis-n’al  elements  .  t  du-  .  eg  ion  ot  interest  se  that  intetre 
la  led.  ..  i  >i:  i  t-.ied  and  sy  net  gist  ie  cl  I  eels  ate  dev  eloped  with  proper  ot  natural  rela 
In.  e  nip  i  1  ii  the  suhjcv  I  ,'f  the  lest 


.  ,  ■;  f  ,  r  a ; .  U  i  : . . ..  V  V  '  '  ■  •  s  ; pc  -  :  _  ■  V  .  .  ' I  v !  '.A-  l •  v  1 1  c’  'Mali  '  M 
;  ■ .  .  so;  d..c;  expe:  .ntvfi'a1  ptsigianis  under  ad  -. :  ■  s'  '.a' 

,-  .be  ,e:t  e;iv onrtn  r:  * .  -a  nets  .i.al.y  t  tiviionmeiHal  facto;  that 
•  .  e.-'c-  :i  ••  n-c-  te-npetaluie  :  ra:r«.  s'..o  .  d  Ji.. :  a.  let  rst  i.  • 
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•  Adds  supposedly  iiniH'i  or  unrecognized  environmental  elements  whuh  would 
other*  ise  not  he  taken  into  consideration 

•  Disadv  .tillages: 

•  Does  not  impose  the  extreme  limits  of  specified  emironmental  elements  either 
concurrently  or.  in  mans  instances,  even  separately.  Acceptability  for  ceratin  el¬ 
emental  performance  limits  may  have  to  he  deduced  by  extiapolation  from  less 
sii  urgent  operation  during  the  test 

•  lest  conditions  are  subject  to  the  variability  of  weather  and  climate.  Hence,  test 
delays  may  be  trequent  oi  lengthy  (seasonal). 

•  I  esting  conditions  are  real-time:  hence,  no  reduction  in  test  time  of  life-cycle  op¬ 
erations  can  be  readily  made  through  accelerated  tests  (i.e.,  increased  loads, 
higher  temperatures,  increased  dust  concentrations,  increased  rates  of  precipita¬ 
tion.  etc  > 

•  Requires  multiple  test  so.es  with  increased  cost  of  transportation,  instrumenta¬ 
tion,  facilities,  test  support,  and  test  personnel. 

•  Requires  increased  numbers  of  test  items  and  or  time  for  testing  because  of  mul¬ 
tiple  test  sites 

b.  Simulated  /  n\ iwnmctu  I'c^nn# 

•  Advantages: 

•  I  nables  adverse  effects  of  specific  environmental  factors  to  be  controlled  and 
studied  w  ithotit  relation  to  other  elements  T  his  may  be  of  significant  importance 
in  early  materiel  development 

•  Major  env  ironmental  elements  may  be  tested  in  various  combinations  for  detailed 
controlled  study . 

•  Performance  under  (he  specified  extreme  limits  of  each  env  ironmental  factor  may 
be  examined 

•  Tests  are  not  delayed  by  unacceptable  weather  conditions,  travel  to  alternate  test 
sites,  or  lack  of  test  items  (for  successive  or  concurrent  testing)  and  do  not  require 
multiple  test  facilities  or  test  personnel.  Certain  highly  specialized  or  unique 
chamber  facilities  would  obviate  this  advantage  if  required  to  be  utilized. 

•  Disadvantages: 

•  Requires  highly  experienced,  judgmental  decisions  as  to  the  impact  of  specific  en¬ 
vironmental  factors  on  the  performance  of  the  item  under  test,  particularly  as  to 
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■A  h  It  111  d  Inns  1.  Ill  It,  ef  w  •  ’  Wi'  i,!im'  '.:i  'H'I'.'i.jIK  jJiflM-  cl 

tec'.'  I  '  cl  1  v  id.  expel  ivl.^cO  .  seemingly  mill  a  film  i  umicuta .  'a 

ion,  'Ahull  i. * T 1 1 1 1 .1 ; c I .  ,i  :  -'i'  joiuii'iui'i  m  u'l  iu',  tun/  been  o.c: 

looked  or  ignored 

•  1  XCCt'l  i'll  llll  Mllipi  I’i'I'l  ■  I",  , ' !  »  lilt  I  .  til!  I.t  I  111  pi  1  ,||.|r  III  If  I  ai  ■,( 

■it  (•■  ii i !  i _■,* !i!  fu,:'  ,i  ::if*  ’  i  '  i  :  ■  .i r  .  .i i '...i i c  1 1 •  •  . i  1 1 1 . j  -  v  i vf t; a t  j !  ,t c  ^orri- 

t'mcJ  in:  1  K  i:  ■  I  '  •  "f  cir  ,>n  Ufi-  i  I  ;•<»«•  whine 

'.liecsp  :  •••:.  c  ’  ■  •.  t'cci  v-woopcU. 

•  -\i  t;m  -ition  cl  l.u.i  1  ■  i>-  .  .•  : 1 1 ■  simulated  environmental  condition' 

tit.iv  he  :• .»  ornate. v  >  •  ;'.f  .c  .  mg  peiiods  mi  planning  and  on 

sin.  ",  c  I  \i  ■  '■  ■,!  '■■■;>  1  u  li'v,  IKmiih:  X'se.'.ai  High 

I  fnipfia'iM  \ >•  "'inf  .  I  .  •  (  r:i  and  (  oid-  fempetature  Vehicle 

f  ell,  all  mi.  -i  t.i-  ■  a- .  •  f  •.  * i ■  i •  v  o:  ru'.-nclv  controllable.  engineering 
iiki  ii!K..i"  in  ..  - .ij-ti  tmi'iuiv  nouts.  there  arc  few  ot  no 

foni'i  .'is', i  '.u',  •  table  in.  uch  testing,  hence  no  possibility 

of  f"!':'.'aoi(U'  c  i'  '  !;*  :  • , u  '  ■•••  :mg 

•  Reims : ■  s.  ,;!•  1 1 u- H.,.'  .. ■ ;  ••pc  i'vV  u._!  mut.  if '•  me  n  generally  conducted  n  a  lab 

oral  ■  \  :io  . ;.cii'  »i;  '  ■[ ;  a u  ■; .  a-  u!i.  nuv  no!  Ofli  hf  piC'Cnt. 

Ik'iuc.  »>p<  ratoi  flit  '••  Mill  a-  ■  ii'aiim;  in  .taming  am;  expctience.  physical 
cotulilton  and  .  kill,  i  utgmen:  and  technique  thabic.l.  art  missing 

•  I -wept  in  special  chanil'tis  l-oct  "nphic  systems  often  cannot  be  operated 
fully  and  per  lot  nun,,  c  dfctasia'i.yii  is  thetefore  not  measured  ai  t  he  extreme 

%.  oiui  i  i  it  Vi** 

•  Mater tai  deten>'tatu>r.  it'  .iis  not  predict  ea*  - world  results  with  any  degree  of 
confidence  ' 

c.  Practical  .Asptx.  ;s  ,•/  /  ■-,<  ; mem.  ’ .  >t  vie 

I)r.  I-..  M.  Havetluml-  lias  staled  “  i  in  cie.iiei  the  disciepaney  between  the  enx iionnienial 
conditions  and  equipment  used  tor  act >•-  u  vs  dt.i  me  icnar  and  liiose  encountered  by  the  equipment  during  its 
service  life,  the  greater  the  risk  that  ihe  testing  will  tail  to  discovei  inadequacies  in  the  equipment,  if  inade¬ 
quacies  exist  .  .  .  It  is  true  that  chamhei  oi  labo,  mo:  v  lesi  me  can  be  conn  oiled,  so  that  it  is  standardized  and 
repeatable.  Bui  these  advantages  .tic  often  purs  based  at  a  cost  of  :  educed  s  aiidiiy  in  the  held."  He  coiuludcd 
"TKC'OM’s  (tJ.S  Army  lest  and  l-vaiuatton  X  ommaiuli  present  policy  on  natural  environmental  testing  is 
based  on  its  extensive  corporate  memo's  as  wet!  as  the  regulatory  guidance  ot  AK  '0-10,  ’0-38  and 
1000-1 .  rKCOM  insists  that  all  ness  systems  be  tested  lit  climatic  chambers  I  K'OM  recommends  that  all  ness 
systems  intended  for  high  density  employment  aNo  be  piosed  m  adverse  natural  environments  W  hen  the  lat¬ 
ter  tests  are  infeasible  because  ot  dollar,  time  mi  oilier  progiam)  ,  oiisttamis.  lit  DM  attempts  to  assess  the 
risk,  involved  in  its  independent  e\  at  nation  repo’  l 

The  adverse  svih  igism  of  combinations  of  ens  u  on  mental  t  actor  s  obtained  in  natural  or  field 
testing  cannot  be  overemphasized.  Over  the  pa  t  sears  and  with  main  different  types  of  equipment,  there 

in 


have  hoot!  main  exampli  \  ot  failuics  >>t  chain  her  tv  ting  in  disc  lose  del  icier  ivies  l  ha  l  wei  e  lalei  I  nit  ml  in  nalii 
i  a  I  fin  ii  onmenlal  kM  '  01  opei  .ilion.tl  -  ei  \  k  e  .1 1  lei  1  lie  11  cm  w  a'  .lepb  n  cd  Ideal  I  v  .  new  designs  1 1  >1  equ  ipinenl 
should  he  lev  io»cd  hs  einii.Minieiil.il  e\pei!'  m  emuie  lii.ti  :heu  experience  and  knowledge  aie  ulih.ed  l" 
counlei  the  potential  ha/.u  .K  o!  the  ein  11  oilmen  1 .  I’i  actual  tv .  tins  is  seldom  accomplished .  and  unless  the  do 
signer  or  development  engmeei  n  well  experienced  in  thn  aiea,  delicieiuies  will  lesult  I  he  pmuipal  adveise 
conditions  high  iempei.it  ne.  diet  ml  ilc  anon .  gi ade  pc  to1  man.  e.  etc  mav  he  ndequ.ilclv  a. .  ommodaled 
because  thev  ate  well  del  men  (spe.  i!  icd  I  and  1  eg  ngniced  hv  ihi  .!  -.-signer .  hut  .  om  hi  nations  ol  these  and  other 
umecogm/ed  v'i  assumedlv  mmol  tactoi'  mav  he  loun.i  haw  hieniv  detrimental  eftects  m  the  held  Some 
examples  thal  have  been  oh  -ei  ved  ate 

I.  /km  aipMii'ii  />  i  !ic!\ .  M’fer  :.n  ‘v/;cs  I;;;.  well  publicized  deluieucv  oscnned  in  Viet 
Nam  Horn  unaiiticip'ed  ope1. itr. mi  o|  hehcopteis  in  hoveling  mode  dining  loading  op- 
eialions  m  .ill'.,. I  s'OjMiioii'  I  hist  and  Jei’irs  stiued  up  hv  10101  downwash  had  1101 
been  comidei evl  as  ,1  i.icum  in  designing  the  ancraii  and  weie  ingested  hv  the  turbines, 
s a u s  1 11  g  p'emature  I  ii'.ti  e 

-  (  'racked  :.ii  rotor  ;u,v.'i  .1  /; cnm/’o.'ieuf'  old  testing  at  i  t.  Citeelv  of  the  OH-6A 

hehcoptei  e.u.  l-'sc\!  .ahm  he.iiing  problems  caused  hv  J 1  tilts  and  insufficient  capacity 
ot  the  heating  swem  It  aNo  developed  stacked  nyUt'int  liners  in  the  tail  lotor  unit 
alte.  . old 'l.ii  1  and  t l  elit  opei a'l.-ns  m  hv iow  11  !  1  IS  1  ambient  conditions  The  liner 
.racking  was  n.n  .  hsetved  in  chunhe:  testing,  ipp.i'emlv  because  the  hehcopun  .ouiu 
not  he  avios j 1 1 .1 1 el  v  e  vet .  i'v  d 

•  I  npai  kii:.;-  ot  rvoject  ■  In  le-ting  ot  a  itumevl  piojectile  at  It  ( iteelv .  unpacking  and 
handling  ol  the  ;-io  ectile  was  una. v eptahlv  slow  because  ol  tiie  cold  weather  clothing 
w  01  n  hv  :hs  hand  it  1 -  I  his  and  a  v  old  vveathei  design  tan  1 1  I  mind  in  the  projectile  itself 
might  have  heen  I  omul  in  pic  v  iousIv  concluded  chamber  testing  hut  was  not . 

4  /make. in  Ji .  :  1  ,'ocemc  Ingestion  and  .logging  of  vehicle  intake  ait  ducts  hv  vegeta¬ 
tion  idiv  cusses,  tumhlv  weed',  gieasewood.  et.  )  has  oecurrcd  even  though  normal  lil- 
tei  ■  were  in-tailed  t  h.imhei  testaig  viid  deteimme  the  effects  ol  normally  expected 
cl  u  st  hi  the  intake  ait.  hut  ilu  cllccts  of  the  debris  tin  own  up  hv  vehicle  wheels  .md 
ii.uks  weie  uiiaii;  1. ipaied  until  revealed  by  field  testing 

5  Pincii.im  b/ivk.rge  \ilhough  not.  perhaps,  as  prevalent  m  desert  env uoimients  as  in 
those  emhodving  nioir  dense  vegetation,  blocking  of  driving  components  -wheels, 
piopellei  'halls,  steering  mechanisms-  by  tough  vines  and  hioken  branches  or  masses 
ol  packed  weed'  ami  gta-ses  does  oeeui  m  held  operations  and  eannot  he  effectively 
sun ul. 1  tcil  in  a  chamhei  I  hv  vlcsignet  can,  pci  haps,  v  isuali/c  such  emu) it  1011s  and  n  \  tv' 
oven  nine  them  in  Ins  design,  bin  only  field  testing  can  pros e  such  design' 

Allhough  somciuiKs  lust  lotutd  as  a  lesull  01  held  testing,  deficiencies  almbuied  to  crack 
trig,  binding,  or  distortion  til  components  and  caused  hv  vlilleieimal  expansion  of  component  parts  in  ex 
Heine  void  or  heal,  condensation  horn  muusioit  ol  humid  atmospliei e;  ilust  and  snow  infiltration,  microbial 
glow  ih.  msec!  damage  and  mihiI.ii  smgulai  el  lecls  should  he  ev  idem  horn  ptopetly  eondueted  chamber  lesls 
I  hat  llies  are  not  vlisi  over  evl  until  held  tvs  is  01  sets  ice  use  ol  the  equipment  is  generally  attributable  to  made 
quale  chamber  testing  It  is  thccllevt  ol  these  climatic  factots  111  combination,  which  is  difficult  ot  impossible 
to  simulate,  that  is  more  teadilv  determinable  hv  field  testing  than  by  chamber  testing. 
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II.  DESERT  ENVIRONMENTS 


A  THE  DESERT 

I  Climate 

Ml  hotiy  h  ilu-  deset  t  env  non  mom  is  generally  Jepic  ted  in  u  i  ms  of  t  'lunatic  Design  Dailv  C  \  clo  A  1‘ 
with  a  hot-dry  cycle,  it  should  ho  recognized  tn.it  deserts  mav  exist  with  climatic  cycles  of  A2.  Cl  and  C2  as 
well;  thus,  many  other  cli.u acoustics  must  he  considered  in  the  delmttioii  oi  a  specific  desert  than  just  high 
temperatures  and  aridity.  I  he  principle  criteiioti.  however.  is  chmatis:  i  e  .  aridity,  whereby  the  potential 
evaporation  rate  from  the  giound  surtace  exceed'  piecipttation.  Deserts  exist  in  temperate  or  cold  regions  as 
well  as  hot,  even  though  high  temperature  is  usuailx  assumed  to  he  a  principal  characteristic  ol  the  deset t 

Characteristics  of  topography  (terrain  geometry);  soul;  vegetation;  and  even  launa  are  also  essen¬ 
tial  in  defining  the  limitations  and  naairal  constraints  imposed  by  (he  desert  1  he  characteristic-  desert  anditv 
results  in  sparse  vegetation  on  thin  soils  ot  low  organic  content,  ivadilv  eroded  by  ram  or  wind.  Additionally, 
intense  sunlight,  wide-ranging  seasonal  and  diurnal  temperatures,  and  sudden,  violent  wind  and  rainstorms 
are  typical.  Ihe  w  hole  of  these  elements  nui'i  Pc  considered  to  character  i/e  particular  desert  environments 

Brooks,  alter  consideration  ot  numerous  souucs.  has  proposed  the  following  define 
lion,14-  r4tarhtasrd  uhich  is  concluded  to  t'e  quite  apt. 


"A  desert  is  a  region  with  an  and  climate  m  winch  the  potential  evaporation  iau-  ex 
ceeds  the  precipitation  (annual  precipitation  i.uel  t » s ci  a  h'ng  petiod  ot  tunc,  the  and 
climate  results  in  the  characteristic  scatuv  vegetation  txerophvtic  or  drought  resistant) 
of  such  regions.  1  ack  of  vegetation,  m  turn,  lesiilts  in  soil  of  low  oigatuc  content  and 
contributes  to  the  characteristic  shaping  s'!  lopogiaphv  hv  watei  and  aeolian  fences. " 

By  this  definition  it  mas  he  seen  that  even  though  ptecipitaiioii  occuts,  possible  even  at  high  rates 
in  terms  of  quantities  per  unit  ot  time  (inches  pei  hour),  the  annual  or  seasonal  evaporation  rate  is  such  ihat 
evaporation  exceeds  the  total  precipitation  foi  the  per  ic’d,  and  an  at  id  soil  results  Brooks  1  art  her  states  (ibid) 

“This  definition  infers  the  unsuitability  o!  a  deseit  !or  agriculture  due  to  lack  of  water 
and  poor  soil  condition.  Ii  also  infers  the  limited  population  which  a  desert  can  support 
without  artificial  supplies  ot  food  and  w  a  ter .  1  he  limited  population,  m  tut  n,  inlets  the 
lack  of  developed  communication  systems.  The  type  of  topography  is  also  inferred, 
being  due  to  rock  disintegration  rathci  than  decay  I  cniperaiures  are  infeired  by  the 
requirement  for  a  relatively  high  evaporation  rate  (Extremely  high  temperatures  are 
not  typical  for  all  deserts,  since  low  precipitation  requires  only  a  relatively  low  evapora 
lion  rate  (to  maintain  necessary  aridity)  and  correspondingly,  relatively  low  tempera¬ 
tures  can  occur  and  still  achieve  adequate  evaporation  rates,  eg,  the  Ciobi  and  (ireat 
Salt  I  ake  Deserts.)" 

Of  the  56  million  square  miles  of  land  area  of  canh.  about  Id  peicent  or  It). 5  million  square  miles 
is  considered  "arid",  with  another  ft  million  square  miles  categori/ed  as  “semi  arid"  I  lie  great  deserts  of 
Africa  and  the  Middle  East  lie  astride  the  1  topic  of  Cancer;  those  of  South  America  and  Australia  are  on  the 
Tropic  of  Capricorn  Only  those  of  middle  Asia  and  the  western  l  mired  States  lie  at  higher  latitudes,  Tigure 


II  I  Uhmatnally,  thccipiato' iuI  . ileus  between  the  tiopics  arc  ('lunatic  (  yule  BT.  tint  humid,  nonseasonal.  or 
seasonal  as  they  approach  the  tropi  latitudes 

2.  Deserts  in  General 

1  he  deset t  are  t  ate  l  \ilc  A  I .  hot  di\.  (  vdc  A2.  basic  hoi  drv.  (  \cle  t  I,  basic  cold;  and  Cycle 
(  2.  cold  1  he  lb  majoi  desen  complexes  louiut  in  se\en  areas  of  the  world  may  he  subdivided  into  small, 
contiguous  regions  basing  moie  cOi-Mctem  distinctive  characteristics,  but  even  ssithin  these  smaller  elements, 
wide  variability  exists,  particularly  with  icgard  ts>  topography  (terrain  geometry);  soil  (geologic  factors);  and 
vegetation  I  able  II  I  delineates  these  desert  areas,  the  climatic  categories  of  which  are  generally  consistent 
within  a  given  region  unless  there  is  extension  into  higher  latitudes  or  elevations,  i.e.,  change  from  Cycle  Al 
:o  \2  or  (  1  Comparative  characteristics  ot  majoi  deserts  are  indicated  in  Table  11-2  Figure  II- 1 lh  shows 
these  woild  regions,  w Iik ti  aie  c  I  ■  ■  o:  i"d  as  itc-er ts  t"  reason  of  climate,  terrain,  soil,  and  biota.  An  illustra¬ 
tion  ot  the  great  variety  ol  terrain  tea'll  res  and  soil  chat  actei  istics  that  are  met  in  most  desert  regions  is  show  n 
in  I  igure  II  2 1  tor  the  Sahara  Desen .  It  is  ev  idem  thn.  the  typical  desert  scene  of  rolling  sand  dunes  is  present 
in  mans  areas  ot  this  desei  i.  but  there  aie  also  bate,  crusts  plains,  gravel  and  rocky  floors,  salt  basins,  rocks 
'■lit. tops,  and  mountains,  all  cut  and  crisscrossed  bv  eroded  stream  beds,  dikes,  alluvial  outwashes  and  es 
carpments.  Soil  o  thin  to  nonexistent  as  is  also  vegetation 

1  he  mechanisms  is t  the  Fatih's  climate  and  terrain  that  result  in  the  generation  of  the  major 
desei  ts  aie  worldwide  in  scope  and  complex  m  (heir  interrelationships.  A  United  Nations  Conference  on 
Desei  tit  ic  at  ion  (19”)  disc  ussed  these  !  actors  av1*  ■'  h  •*'l-.i 

Significant  rainfall  is  always  caused  bv  uplift  of  humid  air,  but  ram  does  not  fall  even 
from  humid  atrstreams  unless  ic  stability  is  disturbed  to  cause  uplift.  Many  arid  and 
semi  arid  regions,  such  as  Pakistan  and  northwest  India  (Thar  desert),  have  highly 
humid  air  for  major  portions  of  the  vear.  but  because  it  is  stable  (not  uplifted),  no  rain 
occurs.  Air  is  viable  when  it'  temperature  decreases  only  slowly  with  altitude,  but  us 
temperature  may  even  rise  (inversion),  as  may  occur  when  moving  over  cold  ocean  sur¬ 
faces;  e  g  .  Atacama  dcseit  of  South  America.  Namtb  ol  Africa,  and  the  southwestern 
deserts  of  Australia 

I  he  main  causes  ot  aridity  are 

til  Widespread,  atmospheric  subsidence 

Ibis  is  inherent  in  the  mechanism  of  the  general  atmospheric  circulation  of  the  l-.arth,  pro 
ducing  legions  ol  vertical  subsidence  in  the  regions  of  the  Tropics  (28.6  N  and  S  of  the 
I -ijualon  with  relatively  minor  seasonal  shifts  noithward  during  June  to  August  and  south 
w  at  d  dm  mg  I  )ec  cm  be  t  to  I  ebt  uar  y .  I  lie  Sonoran  Desert  ol  Mexico  and  southwestern  USA; 
the  Sahatan  Southeast  Asian,  the  Namib  Kalahari  of  southern  Africa;  and  the  Australian 
deserts  all  lie  beneath  these  regions  ol  subsidence. 

In)  I  ocah/cd  subsidence 

I  his  is  genciallv  induced  b\  major  mountain  barriers  that  cause  uplift  of  humid  air  on  their 
windward  faces,  followed  bv  subsidence  on  the  leeward  side.  Westerly  winds  produce  such 
aridity  in  western  Ninth  America,  in  southern  Argentina,  and  parts  of  inner  Asia. 


SO  .  WEST  WIND  DRIFT 
(ANTARCTIC  CIRCUMPOLAR  CURRENT) 


FIGURE  II  1.  WORLD  DESERTS 


Africa 

Kalahari 

Namib 

Sahara 

Great  Tanezroutt 
Spanish  Sahara 
Southern  Sahara 
Libyan  Erg 

Grand  Erg  Occidental 
Grand  Erg  Oriental 
Somali  Chalbi 


TABLE  11-1 .  DESERTS  OF  THE  WORLD 


Code* 

Asia 

Ab23  Ac  13 

Gobi 

Ea22 

Ordos 

(3  4  x  10*01'  ’1 

Ala  Shan 

Ea24 

Bei  Shan 

Ac23/24 

Tsidam 

Ab23Sb34 

Gachoun  Gobi 

Ac13/Ea24 

Takla  Makan 

Ea24 

Turkestan 

Ea24 

Kara  Kum 

Ab24 

Kyzyl  Kum 

Code" 


Ae03 

Aa03 

Aa03 

Aa02 

Aa04 

Ea03 

Ac04 

Ac03 


North  America 

Chihuahuan 

Bolson  de  Mapin 
Great  Basin 
Black  Rock 
Painted  Desert 
Great  Sandy 
Sonoran 
Moiave 

Disierto  de  Altar 
Baia  Peninsula 

South  America 

Atacama 

Peruvian 

Monte  Patagonian 

Venezuela 

Brazil 

"Meig  s  Climatic  Code 
Aridity 

E  extremely  and 
A  arid 
S  semi  arid 
Precipitation 


A613/23 
Ab1323 
Ac02  03- 14 
Ac02 
Aa03 
Ac03 

Ac24  -  Ab24  '  Ea24 
Ac23  24 
Ea24  Ab24 
Ea24  Aa24  /  Ab23 


Middle  East  and  South  Asia 

Arabian  Desert 
An  Nafud 
Rub'  al  K'hali 
Yemen 
Negev 

Iranian  Desert 
Dasht-e  Kavir 
Dasht-e-Lut 
Dasht  e  Margo 
Kaviri-Namak 
Dasht  e  Naomid 
Indian  Desert 
Thar 


Ac  14  ’  Aa23  24 
Ea24Ea34 
Ea34 
20 

Ac04  Ac14 
Ac13 
Ac13 
Ac14 
ACM 

ACl 

Aa24  Ab24 


Aa12'22 
Ea23  33 

Ab23  Sb23/Ac13  Aa12  Sal2 
Ab33 
Aa33 


Australia 

Arunta  ISimpsonl 
Gibson 
Great  Sandy 
Great  Victoria 
Sturt 


Ab23 

Aa24 

Ab24 

Ac23 

Aa23 


A.  p.  t„  t«  -landityMprecipitationl  (moan  low  temp .) (mean  high  temp.)1* 


a  nonseasonal  precipitation 
b  maior  precipitation  in  summer 
c  mator  precipitation  in  winter 
Temperature 
0  rrO'C 

1  O’  10' C 

2  10"  20  C 

3  20  30'C 

4  30  C 


23 


TABLE  11-2.  COMPARATIVE  CHARAi 


SONORAN 

CHIHUAHUAN 

ATACAMA/ 

PERUVIAN 

TEMPERATURE!  °F) 

High 

134 

120 

92 

Low 

30 

6 

42 

Mn  Daily  Max  Sum 

107 

104 

80 

Mn  Daily  Mm  Win 

9  42 

27  40 

54 

PRECIPITATION 

Annual  (in.) 

2  2 

12 

0 

MONTE 

KALAHARI 

SAHARAN 

SOMALI 

PATAGONIAN 

NAMIBIAN 

chalbia 

K 

N 

118 

111 

107 

136  4 

122 

22 

16 

25 

31 

37 

90 

94 

75 

110 

1 1 

31 

34 

45 

37 

35  44 

5 

12 

1 

00  3 

6 

INSOLATION  [Max  theoretical  ■=  1322  w  /mT'hr  Actual  depends  on  latitude  (Angle  of  incidence,  cloud  cover  etc  ] 

Mn  Daily  Max  (w/m2/hr) 

WIND  VEL.  (mph)  (Note  II  5  8  5  8  1  4  2  2  4  4  7  4  5 

HUMIDITY 

Mn  SummerlKp  RH  or 

DP)  45  60  68  72  62  66  45  66  71  91  96  50  63  57  65 


OZONE 


DUST  (Particle  sue  <  150  pm  I  8p  120  1261 

Natural  lg/m31  (Dust  concentrations  depend  primarily  on  wind  velocity  and  height  above  ground  surface  little  variation  with  respect  to  regions  I 

On  Roads 


16 

19 

39 

7 

18 


0  18 


0  14 


0  26 


0  22 


3  5 


0  3 


TERRAIN  (%  of  Areal  (A) 


Mountains 

8 

Badlands/  hills/  fms 

34 

Flats/ gravel 

24 

Playas/salt  flats 

3 

Dunes 

06 

Salt  lakes,  marshes 

Total  Area  (x  10*mi?l 

0  5 

CLIMATE  (Note  2) 

A2.A1 

Fauna  (Note  3) 

Man  affecting 

ARI 

Mtl  affecting 

B1 

A2.A1 

A2.A1 

A2.A1 

ARI 

ARI 

ARI 

61 

B1 

B1 

A2.A1 

A2  Al 

A1.A2 

ARI 

ARI 

ARI 

B1 

B1 

B 1 

Not*  1  EacHfdVt  tofnadtc  wind* 

Not* 2  AR  70  30 Ch#n#tic  0*«*v  Cycl*  C*t*QoriM  (All  Mot  dry  <A2>  Basic  Hot  ICH  Ba*«c  Co*d  C2  Coidimator  nuno*  *'•*■' 

Not*  3  Rr***nc*  o<  d*m*9«nQ  po**or>ou*  or  h*aith  aHactmg  (Al  *p>d*r»  scorpion*  <R' *naka*  lizard*  Mi  m**ct*  t-ch*  iM'  animal*  d  ft  M  particularly  a*  dt*aa**  v*cttv*  P  B»  ’«"•  ,"'8' 
Not*  4  Inwgntficant  within  YRG  but  n#*rby  *r*a  ot  80  ♦  m*J  *v*ilab*« 


tfPARATIVE  CHARACTERISTICS  OF  MAJOR  DESERTS 


4ARAN 

SOMALI 

ARABIAN 

IRANIAN 

THAR 

— 

CHALBiAN 

136.4 

122 

123 

127 

126 

31 

37 

19 

4 

30 

110 

1 1 

105 

108 

106 

37 

35  44 

38 

24  27 

46  51 

FO  3 

6 

4 

3  16  0 

6  5  9  0 

4  7 

4  5 

4  10 

2  3 

6  8 

10-63 

57  65 

50  60 

46  52 

70  73 
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(m)  Absence  of  ram  inducing  di-aut bailees 

Steppe  areas,  sik  h  as  I  c  v  ,i  -  and  Oklahoma,  mav  be  i  a  in  less  lor  limp  pel  mjs,  even  ss  hen  on 
ered  bv  humid  ait  oil  the  Ciiilf  of  Mexico  if  no  systems  causing  upltlt  ol  that  humid  ait  pass 
through  the  region,  I  he  audits  of  Mediterranean  summer  occurs  similarly,  and  in  both 
cases,  subsidence  ftom  the  general  vertical  circulation  contributes  furl  her  to  sik  Ii  artdits 

(iv)  Absence  of  humid  airstreanis 

Some  regions  of  the  world  ate  just  too  remote  I  rum  regions  w  here  humid  airstreanis  exist  for 
anv  precipitation  to  occur  with  any  regularity  I  fie  mnercontinental  legions  comprising  the 
deserts  and  steppes  of  central  Asia  ate  oil  off  from  the  humid  inottsoonal  winds  from  the 
south  bv  the  Himalayas  and  the  I  ibetan  plateau,  and  only  dry,  cold  air  readies  them  when 
winds  are  ftom  the  north  Western  Africa  is  subject  to  the  almost  unbroken  dominance  of 
drv,  mid  Saharan  atrsrieam  In  such  tegioris,  only  highly  erta  tc  atmospheric  conditions  will 
produce  rainfall 

In  summary ,  these  I  actors  result  in  the  pi  oduetton  o  t  lie  w  oriel's  deserts,  as  follows. 

3.  Air  and  Ocean  Current  Circulation 

In  North  and  South  America,  southern  Africa  and  Australia,  the  prevailing  winds,  both  winter 
and  summer,  are  ftom  the  Arctics  toward  the  Tquator  and  from  the  west,  i.e.,  onshore.  The  major  Saharan 
winds  are  toward  the  south  and  west  in  the  winter  (offshore  toward  the  Atlantic  Ocean)  and  southerly  from 
the  Mediterranean  in  summer,  except  in  the  southwest  regions  where  the  wind  is  to  the  north.  The  Arabian 
penmnsula,  Iran,  and  the  Thar  are  subject  to  north  and  northwesterly  winds  in  the  winter  but  west  or  south 
westerly  to  south  winds  m  the  summer  Cold  ocean  currents-  the  Humboldt  along  western  South  America, 
the  California  along  western  North  America,  the  Bengueia  bv  southern  Africa,  and  the  W  est  Australia  cur¬ 
rent  -coupled  with  mountain  ranges  in  the  North  and  South  American  continents,  cause  massive  air  drying, 
figure  11  1.  Air  flowing  through  the  other  desert  areas  is  predominantly  from  the  Asian  or  eastern  Turopean 
interior,  originating  initially  front  the  cold,  dry  Arctic  regions.  Any  moisture  it  might  acquire  m  passing  over 
intermediate  forested  or  plains  regions  is  wrung  out  by  intervening  mountain  ranges 

4.  Topography  and  Terrain 

Aridity  and  temperature  effects  are  not,  perhaps,  the  most  eritieal  adverse  aspects  affecting  mili¬ 
tary  operations  in  desert  environments.  Of  major  importance  are  the  terrain  and  soil  conditions  characteristi¬ 
cally  encountered  in  these  regions.  Numerous  studies  of  these  factors14  ;i  ::  have  led  to  descriptive  classifi¬ 
cations  that  allow  them  to  be  categorized  in  terms  in  which  difficulty  of  traverse  or  degradation  of  operation 
in  other  ways  is  implied. 

Deserts  can  be  broadly  categorized  as  sandy,  stony,  or  rocky  (ibid),  bul  in  relation  to  defining  the 
physical  characteristics  upon  which  limits  of  operation  of  military  materiel  can  be  established,  much  more 
detail  must  he  considered  relating  to  mobility  (trafficahility,  surface  roughness  and  penetration,  slope,  pro 
file):  dust  and  obscuration;  cover;  or  concealment.  These  have  been  expanded  under  the  following  broad 
types  to  include  clay  deserts  and  subclasses  in  each  category  to  provide  more  descriptive  delineation: 

a.  Sandy  Desert \ 

I  Sand  sheets 

2.  C  lav  pans  and  gravel  deposits 
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Sand  dunes 

Heterogeneous  deposits 


b.  liras  elly  Deserts  (predominant  type) 

1  Desert  pavement  (gravel-covered  plains,  senr) 

2  Thin  gravel  veneers  (hainmadas) 

y  Alluv  tal  out  washes  and  valleys 

4.  Gravel  terraces 

5.  Gravel  slopes 


Stony  and  Hocks  Desert s 

1.  Rocky  surfaces 

2.  Rock-and  boulder-strewn  surface 
I’ang  yang  depressions 

4.  l  ava  flows 

5.  Steep-sided  hills,  mesas 

6.  Rounded  hills,  low  mountains 

7.  Badlands  (malpais) 

8  Rubble-covered  surfaces 

9  Dissected  plateaus,  cliffs,  escarpments 


d.  Clay  Deserts  (limited  occurrence) 


1  (  lay  plains 

2  (  lav  pans  (playas,  evaporative  residues) 

.V  (  lay  slopes  (shale-derived) 

4.  I  roded  clay  landscapes  (clay  terraces,  yardangs) 

5  Saline  and  alkaline  pans  or  areas  (evaporative  residue) 

6.  Miscellaneous  (kav  irs/ salt  beds,  beaches,  etc.) 


e.  Mountains 

1 .  Ranges 

2.  Block  mountains 
V  Volcanoes 

4.  Domes,  insclbergs,  buttes 


I  he  geology  of  the  desert  areas  of  the  world  is  essentially  unchanged  over  the  past  10-50, (XX) 
years,  with  few  possible  exceptions  (Rift  Valley,  Africa).  The  mountains,  hills  and  plains  and  the  drainage 
basins  found  today  in  desert  areas  arc  the  underlying  structures  of  these  areas  as  they  have  existed  for 
millcnia 
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l  limat. ,  on  i  Ik'  hi  lie  i  h.md.  I'-i  •  ,  n.|in  Mii.it>! .  lunged  m  m.no  ol  I  Imr  i  colons  *  I  he  pi  o 
duct  ion  ot  alluv  tal  out  w  ashes  or  t  a  it",  ci  o  .1  la  in  hi  a  pi  .  >  lav  <•  I  .n  k  a  Inn'  pans,  gravel  arid  nkU  floor  * .  ariv! 
other  tv  pica  I  ilosci  t  ter  i  am  is  the  out .  Onu-  o!  hi  >i  It  ear  her  welti  t  .  . .  male  and  later .  character  is  tic  alls  intense, 
desert  rains  after  den  ltd  at  ion  oc.  in  i  ed  \  l  lei  |'i  ecipii.p  n  mi  dr  upped  -at  I  n  lent  i  v  10  cause  arid  it  v  and  a  i  lance 
to  sparse  desert  vegetation,  aeolian  to:  i  e  ■  .  a  used  I  in  'he  den  iidat  ion  u  ,1  s,  oin  mg  ol  soil  1 1  om  the  vi  av  el  and 
i  os  k\  suh  sut  lace  a  ml  lire-  pi  odm  t  ion  ol  and  dime-  ami  tv  pn  a  I  desei  t  '  looi  lag  lies  1 1  I ,  II  -J,  1 1  *•  show 
the  desert  terrain  sti.kiiue-  icstillinc  when  w.ilei  o  not  absorbed  into  the  soil  but  washes  1 1 eel >  met  the  sur 
face  and  wind  is  not  . 'bsti  need  In  v  iveta  i:.mi 

In  these  and  at  ids  J.ii.d  .  eni  ;  .piualis  none'  Pten:  !  u  long  pet  tods,  tlui' soldi  tadi.ition 
(insolation)  reaching  the  eiotind  is  high,  but  iddi.tn  >n  tin  -ks  it  night  is  also  high  Not  onlv  .an  davtnne 
Ida  sun  run  an  and  gionnd  sur  ta. e  tempi  i  a:  in  e'  )  i  1 1 :  c !  ■  *'  ,r :  i  ■  w  nle  .  a;  tatiop  s  bet  w  een  dav  and  tug  I,:  lent 
pet  at  u  res  can  ocelli  I  he  u  -u!:mg  i  vp.n.  on  and  .  out '.is  lion  o'  s,(  t..  e  iave:  ■  <>i  mans  stom,  mater  te  Is  desei 
ops  spalling  and  i lacking  and  tin.  p'od  i  t  ;■  >:r  o'  small  .lake.  and  even  dii'1.  easily  moved  bs  hvdid.dk  or 
aeolian  lories 

\  a  no  tp.  sod  t  \  t'i  1-  is.  ,|p  ;  p,  ■  .  n  Palls  ad  set  sc  et  'ect'  m  terms  ot  dust  genet  jt  ton  and 

erosion  of  surf  die  sod .  hv  moioi  s  cli.s  le  p.  t ..  oi  ap  . :  a! :  ..low  nw  ash  oi  nat  urallv  bs  the  wind  I  hete  o  a  wide 
range  of  particulate  si/es  chatactet >st.i  ol  saiioits  soil  constituent',  and  some  types  ol  soiiue  mattnel*  .re 
much  more  abrast . e  t Iran  othet v 

Hec.uise  sattil  and  dust  ,n  widc'K  drsii  .puled  s.m't!';.iiU'  ol  the  desett  environment,  then 
potentially  adverse  ettect'  110,0:  be  kept  const.intiv  m  mind  m  designating  miluarv  equipment  and  be  speed 
ieally  evaluated  m  testing  -n.  n  matei  1.1I  tot  its  smtabilitv  tot  operation  m  the  desc  t 


*  I  he  Indus  vjilrv  wj\  it.  iv  h  .:iu!  !:iyh;v  •.  pe-"  tied .  .is  has  been  .  oi;*  muM  hv  pollen  studies  slu'wniy'  .’pen  w c *» »».J J .t n«.1  s'ene' 

yia  .es  and  shrubs  some  SHH'  HC  Vic  :!u  D  ■  htoi  enc  tend  ot  the  .ast  la  Aye" ».  about  i  HI*  until  about  HI'  MuMr  level 

oped  a  "(  lunatic  <  ‘ '  *i  y»ca»'v  ■  i ■  -  -xu  r.si.t  f  atnldli  arul  iempeiatr  v.  hmav  w  m*  extensive  vewrtati'c  y  1,1  mam  ol  the 

pi  event  deset  t  .ikms  Although  the  Sahai  a  1  a  or.  a»*  an*  tent  dc  e: 1  i  Mcmvoi.  Is'*  ni  -<*;i  \ea:  *  HI*  I  it  ’us  Km  inter  mm  err  1%  *•  r: 

I  homy  (Ins  I.»n r  JjujjIk  i>piimum  period.  Du  t*  the  Sahara  had  developed  yra ssJunOs  with  coves  at  Aleppo  I’m**.  .  ;  w 

•.vpirvs.  tunipei.  and  lairna  witi  mixed  oak  voi.n  forests.  omi  iimlen.  and  maple  in  the  highland’  River  »cie  vui  Mt r » m the  tock- 
whric  prehistoric  men  let'  putoui  iph.  ii  'hallow  ..no  Hv  '.(HH)  Hl\  however.  the  Sahara  MinialU  .o  i!  is  todav  Some  s<ve?ai 
tho-a  .and  ve.it  old  . \pi es s«- •,  a1  *  o  11  iv>  *  «•  t  *and  >m •  >vx  m  Hie  I  a\sih  n  \jje:  mouniams  r  ut  n>  vomu?  trees  A  \iiiular  i 'i-  -irred  m 
the  Mcslefii  ile\cn  re^i'»n-  <m  ’s.-'di  Ameiu  i  \  <\.>nvt  "I  if  tie  l  lunatu  Optiimim  '  <’t  lesser  ixieh!  v'uiituxl  dutm*  the  penod  «>'  '|N‘ 
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wv»r  Id,  ha*  'esiDifd  in  expansion  <  •!  'he  te«e  ’  «»t  thr  \x ••!  id 

At  presern .  wot  Id  pop'tlal  ;on  f  h'^e  areas  i ,  p-m mated  (  I  Kt  '4 1  t  . *  he  as  show  n  ' i ■  thr  lolh'w  »ny  table 
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FIGURE  113.  TEN  TYPES  OF  TERRAIN  COMPRISING  ALL  WORLD  DESERT  AREAS 
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FIGURE  II  4.  TYPICAL  DESERT  TERRAIN  STRUCTURES 


FIGURE  II  S  STAGES  IN  DEVELOPMENT  OF  DESERT  LANDSCAPES 


I  able  1 1  l  i  c  U .if#' . -  t  'l  (In-  Jess-i  r-.  (>l  ihe  wor Id.  hul  loi  purpose  of 

material  Jcmi-h  <»i  <>[H'  i!<  'ii  >  f  *  -  -I'fi  .  ■  iii  •  i.i  .m-  net  sh-sl  In  '  iic  following  discussions,  detailed  limns  of 
deserl  s  h.ii.iclet  istics  «jli  be  pu  rules!  \.i  id  iIk-m.  J.ii.i.  taken  fioni  tabulations  found  in  reference  sources, 
.lie  eonsolidatcd  lieie  10  I.i. . . 1 1 . » ; ■  1 1 1  c ■  ■  a\ .ulahihiv .  Ini;  n  is  Inglilv  ; eeoinniended  that  the  lelereneed  sources 
be  cons  u  lied  I  >>i  m  depth  urdet  si  a  lullin'  -d  then  iiciis.it.  m.  con  mi  units.  ami  el  I  eels.  Although  AR  70  IK  es 
labhshes  ihe  on: Hi.  i  u  ■  . ..  ':n  •  ;  1 1 . i '  i.osv  icl  mu  '  im  el .  the  data  in  ihe  I  ollou  mg  tables  pun  ide  a  compiC 
hen  as  e  s  less  ot  ibe  b.oa  ■  n  •  cu  i  i  . ...  1  ,t.  !•  u  s  an  I  ma  -  pun  ide  suppor  i  for  l  he  emphasis  tor  deem  phasic) 
ol  cei  lain  l.ictni  s  in  .  pr.  .1,,  >-.|  p-  n;  ueui  slv  igu 

'  Peserl  Terrain  C  lassification 

IK'seiis  ate  o'  a  gnni  .  ipco.  •;  ic"  .am  ispes  •>*  cs’iuponeni  terrain  structures.  These 

componenis  eat)  be  gatheiesl  un.h  1  .  ei*  1  m  i  h  -  idin."  'or  sie-  upttve  purpose*  i  hose  include  mountains, 
badlands  and  hilb  tan.  am1  ss  •  is  >.«  .u  .1  p.ao  and  sand  dunes  and  Itelds  fach  heading  is  dis¬ 

cussed  in  more  detail  hems'  I  in  u  i  1  •  .s  no  mi  -.  n  :n  ■.pi.mn'alisi  descriptions  and  possible  further 
breakd. ’«  u  is  ; elened  i.  ■  :  !i.  p:  --sk>g;  i  o.i.u  m  .  li.at.ou  u-ed  b>  ihe  C  orps  of  l  ngineers  Water 

ways  i  sper imeut  Su; :>  •  '  Vs  i  '  .  \i.k  i-.:  ,  ,  \<  ;•  ;  ''I  .  i  -inulai  lenam  and  geomorphic  studies. 

1  he  W  f  S  l.ind's.ipe  c i.i'  mant.i  !-a  -i  ,  n  a  t>'.'t  dicii  c  de  I'hese  foui  digits  can  be  u>ed  to 

describe  either  component  oi  inn-  :  in  ape.  I  o  II  <-  I  t,c  fust  digit  describes  the  characteristic  plan  pro 
file  as  shown  m  I  iguie  1 1  "  if.  se.or.d  ii  n .;  ,m  :  • .  o slice  .!■ -.  i!>.-  me  slop,-  occuttence.  characteristic 

slope,  and  charas  let  oils  telle!.  •  -p.  i  ••••t\  !  0  ie  II  ’> 

Mans  oithe  um  I.i'  i  >mh'  io'ii  .n.ippo!  In  v\  I  s  n  teims  ot  these  lactots.  f  hest  maps  are 
available  foi  leletence  an. I  .p.-.  dv.-.i  i  i.uu  m> 

a.  t  7i.ii.iclc  i ' f  s  /'i.i n  /’  o'  V 

l  he  charas  ic  i  ■' ic  plan  po  lile  is  die  in.  i  . oimiioniv  lo.md  plan  piofile  within  a  region.  Ii 
may  be  either  gross  oi  i  esti  n  l  ;v  e  \  gro.s  plan  pio!  lie  o  .me  in.it  .an  be  suodiv  uled  into  iws>  resti  icitvc  com 
ponenl  plan  profiles.  e;i.  Ii  c'lobdmg  rebel  ol  i  lowet  oidei  man  'he  gross  plan-profile.  Random  sampling 
with  cits  It's  is  mile-  O',  kml  m  diameiei  is  used  in  d.'eimmmg  the  gioss  profile.  Random  sampling  with 
circles  I  mile  i  i  f>  km  i  in  sliameu :  n  uses,  n  .i.-i--i  -ume  ihe  :  e'lncliv  e  plan  prs  '  lie  l  ocal  relief  of  less  than  1 0 
teei  t '  m)  is  mu  .  onsiih  i 

h  Hffic-rnimnc  I’iur  /’io/!ie 

bach  of  the  bio.  k  sli.uti .mis  il  igure  II  'i  illusiiates  a  landscape  lepresemative  of  a  specific 
plan  pi  of  lie  type.  1 1  slum  Id  be  emphasized  that .  w  iilun  t  tic  defined  I  mills  id  each  type,  a  w  ide  \  arielv  of  land¬ 
scape  s  oiitigura'ion  aie  poss-hle 

H  III ICTSOK  DIM  R  IS  ON  MAH  Rll  1 


I  Cieneral  f-ffeets 


Ii  is  o|  inieie'i  lo  :b  .1.  n  i.i  .nw,-!l  i  ;i  ,  oei  ■  I  m ililai \  cipiipment ,  to  know  how  the  dcscit 
enviTonmeni  m.o.  l>e  cw  i -** i  to  .ii'is  i  -;  •»  >*i.  mulct  mI  and  mechanisms  painculaily  inasmuch  as  adverse 
ette,  o  ma v  b(-  i-n,  oiiiio  - ol 
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TABLE  II  3  TERRAIN  FACTOR  CODING 


S*«>pe 

Ok  e  iin«ni  e 
■  pei  U>fTu*«*v 
'V'-  uni  digit' 


factor  Description 


l  Tpostu 

Hn; 

•  1 1 '. » • « 1  -lig*!  • 


Tpristiv 

MeUe*  1  M 

f  Vl'P  '  J  »  f'f  . 


NA«nv  ot  tt~w*  vvnrV*  s  'leaKts  rvfve  i«hi>  nviptwil  t>v  \M  S  t  rer’ts  o<  tfw»-  Matters  ■  vw»s*-  v#*>  am*  «rvateP*p  lor  t*KJ  tJia»>»ry  ■'* 


Some  of  (he  environmental  factors  characteristic  of  desert  operation  have  immediate  effect  on  the 
operation  of  equipment:  differential  expansion  of  component  parts  causing  binding  or  interference.  .Togging 
of  dust  filters,  and  overheating  of  components:  other  effects  nia>  be  cumulative  accelerated  aging  caused  by 
UN’  exposure,  accelerated  fatigue  cauxcsl  hv  higher  temperatures,  and  softening  of  plastic  components  Mans 
deleterious  effects  are  synergistic- i.e..  the  result  of  combinations  of  environmental  factors  that  appeal  in 
nature.  Mans  factors  may.  on  the  other  hand,  he  consider-d  as  independent  of  each  ot fieri  even  though  diev 
may  be  concurrently  experienced— e  g  ..  high  solat  radiatiOi.  and  high  wind  velocity  or  high  air  tempeiature 
and  heavy  dust  concentration 

1  able  11-4  delineates  areas  of  degradation  that  may  occur  in  component  systems,  as  affected  by 
adverse  desert  factors  or  induced  environmental  conditions.  Table  11-5  indicates  boss  specific  types  of  mate 
rials  may  be  adversely  affected  by  environmentally  induced  physical  ot  chemical  conditions  —  eg,  rainfall  or 
high  humidity  inducing  biochemical  corrosion  of  surface  materials  ot  sunlight  (l  \  i  causing  hardening  of 
plastics  or  fading  of  fabric  dyes. 


finally,  fable  II  6  lists  the  principle  effects  and  corresponding  deficiencies  induced  by  specific, 
singular  environmental  factors  characteristic  of  desert  operations.  1  he  tnajoritv  ot  these  effects  and  failures 
are  relatively  straightforward  with  respect  to  cause  and  effect  The  inclusion  ol  high  relative  humidity  and 
ram  among  desert  environmental  conditions  should  not  be  considered  illogical.  Rain  does  occur  in  desert 
areas,  frequently  in  torrential,  even  though  short  lived  storms,  with  consequent  flooding,  deep  mud,  salt 
marshes  with  salt  spray,  and  shott-hved  lugh  humidity.  Atmospheric  moisture  can  result  in  water  condensing 
and  collecting  in  enclosures  when  temperatures  at  night  go  below  the  dewpoint.  Humidity,  with  resulting  dew 
formation,  is  generally  not  a  problem  on  exposed,  open  surfaces,  as  may  be  observed  from  50-year-old  tin 
cans  along  desert  roads,  but  it  may  be  a  problem  in  poorlv  ventilated  chambets,  such  as  fuel  tanks;  storage 
tanks,  flotation  chambers,  metal  cabinets  (particularly  in  storage);  and  similar  enclosed  air  spaces  that 
"breathe"  w  ith  changes  in  air  temperature. 


More  detailed  discussion  of  the  effect  of  adverse  levels  of  these  environmental  factors  niav  he 
found  in  other  data  sources. 14  It  is  stronglv  recommended  that  users  of  this  document  lanulian/e 

themselves  with  that  information  because  it  is  not  considered  feasible  to  tepeat  such  a  voluminous,  complex 


TABLE  II  4  EFFECT  OF  ENVIRONMENTAL  FACTORS'- 


Me;  lamage  ‘deformation  ■•a  iwn*  fatiyue  toss  of  strength 

hnn^*  0  .  hftnige  wt  s*vs\  os.ty  *»v  iw)». ids’ 

l  hwini  dl  Irtmage  i'l#»t«n>ir atn>-  i  of'OS'on  spo^dyr* 

Mobility  tn>n  iHmbe:.ln>e'-*  *»app,-,g  'OSS  of  *»dChon 

inti" f H'mii  e 

Optical  ocxlucbon  of  visibility  iOSS  o'  «tHW5' 

1 i«<  tromagnetu  monoptica11 

Audio 

•Amended 


d«lS**S 

'  (>Mtp«aratljr«*  nur'»i(l*ty  W3te»  'rt”  WMd  i.irtdi'ig  uni]  «if  pi  r*SS 1  > '  ** 

(MtiWimg  wnrt  iV.sl  ipi-3"'  \»«i  w  vit»at>ni>  t'».pai  1  ma<  Iiit'in 

log"  rti  hi  gai mmiis  si i<  ii  k  »i|  .irt»Hti  MiHfrttio''  m  il<u  « rt> ti.« 1 1>  ■» ■ 

I emperatu'p  humidity  ,fHj  sa-t  ♦«>g  salt  wate^  and  sp'A» 
ojon*  a>*  pollutants  m>-.  intviotivgn  a-  ugdrusms 

ie  snow  mucl  ap'  sa't  ‘'dis  sand  'eln»f  topograph,'  r(„  ks  amj 
Oou'ders  veyeMhim  grade  ware*  step  function  mterfar  es  m  the  tte 
ra-1' 

W<i  ”  snow  enrages  da'h'-ess  terrain  *ouds  dust  storms  veyeta 
tn>n  Adiei  Lt'»P"('y  tpnai"  i  ounternieasuies 

i>i}F;n.og  refrain  rotating  machinery  etPstfomagnetu  guises  from 
■'in  I'd'  APapO^S  *»OStatK  discharge  <  ommuhii  ation  rad'C  and 
teiev  smr  sources  miL'owJve  sources  radar  laser  transmiSS'Or 
.iVS  '''dustriai  equipment  • 

■.ii,-*'?  explosions  ic  tat-ny  mat  hme'v  vh'dtion  o*  matem*  '"pai  ’ 
or  shock  o*  n,ate»iei  thunder  tragic  const'uctto«  exhaust  nose 
engmes 


TABLE  115.  MATERIAL  DETERIORATION  AGENTS1^ 


Matenat 

Agent 

Inorgam 

Metals 

Me*  hanica1  erosion  «  hemicaHy  *ndm  pd  i  orrosmn  e'er  trplvTu  r* r r*c ■  esses 
age  hardening  stress  deterioration  expansion  contraction 

Glasses 

Actinic  processes  pbysu  a<  and  t  hemicai  weathering  erosion  ab'as.on 
mi;  'obioiogica!  erosion 

OfganH 

Hwlifopr 

Oxidation  io.*one»  loss  of  plastu  <:?'  high  temperature  (continued  poly 
mentation1  mirroh*oioqica‘  attack  stress  deterioration 

p’as»ii  s  • 

I'hpmica1  attack  iso'vent  vapors'  actmn  processes  hardening  fading 
mu  rohiofogirai  attack  mpchanu  al  stresses  softening  continued  poly 

mpn/abon 

Oils  and  greases 

Chemical  dissociation  f”n  rotvoiognai  attack  evaporation 

Wood  m  ehijUiM* 

Biological  atiat  k  warping  splitting  deiamination  biological  attack  ar 
tinu  processes  fading  therma'  deter  lOMPon 

l  eatlier 

Mechanical  abrasion  therma'  detpnoiavon  tdessuation  aging  crack 
mg  *  biological  attack  ibartenal  animal  fungal» 

TABLE  II  6.  SUMMARY  OF  MAJOR  ENVIRONMENTAL  EFFECTS’2' 


Environmental  factor 
•  A R  70  38  Limit 1 


Prim  ipa'  effects 


T  yptr.ai  fd'!  ■  es  iru  jceci 


High  temperature  '12b  F 
operation  160  f  storage 


l  <y*  temperature  1  40  F  storage 
26  F  operation  without  aids* 


High  relative  humidity  lOew 
condensation  100%  RH 


L  ow  relative  humidity 


High  pressure 


T  hermal  aging 
Oxidation 
Structural  change 
Chemical  reaction 
Softening  melting  and  s 
Viscosity  reduction  a»'d  e.apo'a*  #e* 
Physical  expansion 


increased  viscosity  and  soi'd*4 ■  at  on 

Ice  formation 

Embrittlement 

Physical  contraction 

Moisture  absorption  water 
collecting  m  poorly  ventilated 
enclosures 
Chemical  reaction 
Corrosion 
Electrolysis 

Biological  propagation 
Bactenal 
Fungal 

Dessication 

Embrittlement 

Granulation 

Compression 


'nSw.abr  r  »a-  u'e  altera?.  ■  *  .■*  eie.  •<  •  a 

properties  a'te'  .p  .  <  f  i  *'  ysn  a'  i  "  'i  ernes 

ha'  Jer  r'Q  <  ’*■  k  ■  j 

S'*  •  .'a  *3’  , 

.  s-  1  .t>' am.'  ,  ' 

.  •  .  3  ‘a  . 1  e  ■'  *  *•  *  a  4 

V'esv  !■■■  V'-y  »•  'r*dv*  ’  wea 
r’-  ■ .  •  g  ;>a'?s 


:  >ss  .•*  .»t  'u  atm'  i  •  i  »*'•  »*s 
A  te-  at •  »*  eie-  ;  •  •  » •  .  [  -es 

loss  <1*  me.ra^M.  a  s»re  gth  'a<x 


Sir  ,  •  .,'a1  'd'h-i'e  •r'-  '»'dSe  -  AIM' 


mov  *ng  pads 


Swe-npg  r u l' t  ,'e  ->♦  ’ontamer  physu  d 

breakdown  loss  of  e'e^tm.  ■*>  strength 

loss  if  mec  hanit  al  Strength 

mtpHprence  wdh  ♦um  tinn  fue*  c  ontarmnatio 

l  oss  o*  electrical  properties 

ln<  reased  ;  pndwi  Pvt,  i*f  ir'SulatO'S 


Loss  of  mp(  hanical  strength 
Structural  collapse 

Alteration  of  electrical  properties  dusting 

Structural  collapse  seai  penetration 
interference  with  function 


t  i >w  pressure 


Solar  radiation 


E  xpansion 
Outgassmg 

Reduced  dielectric  strength  of  a<r 

Ac  tinic  and  physiro  r  henm al  mac  lions 
E  mbrittlemenf 


F  rarture  of  container  explosive  expansion 
alteration  of 

electrical  properties  loss  of 
mechanical  strength 

Insulation  breakdown  and  arc  over  corona 
and  ozone  formation 

Surface  deterioration  differential 
expansion  alteration  of  electrical 


TV 


I  rtvtfo 
AM 


‘■'and  ami  (In 


Salt  Spray  tit 
coastal  areas 


W  tnd 


Ham 


Water  immm 


TABLE  II  6  SUMMARY  OF  MAJOR  ENVIRONMENTAL  EFFECTS  iCont'd) 


ir»  entai  ^a*  tor 

1  Ifl  l  IITMt 


Principal  ettei  is 


T  vpi(  a‘  ♦aiiures  induced 


properties  d'scoiorat  or.  anil 

Heat-ng  i direi  t'onal 1  fading  of  materials  ozone 

formation 


st  Abrasion 

’  Clogging 


w  iudmg  salt  dust  m  |  Chemical  reactions 
and  salt  beds  Corrosion 

Electrolysis 


Force  application 

j 

j  T ranspori  of  materials 

Heat  transfer 
i  Loss  (low  velontyi 

l  Gam  (high  velocity) 

i  Physical  stress 

Water  absorption  and  immersion 
Biological  propagation 
Bacterial 

Fungal 
)  Erosion 

I 

j  Corrosion 
Mud  formation 

... - 1 - 

Sion  |  Corrosion  of  metals 

I  Chemical  deterioration 


f  pressures  (13  b  al  30-ft  depth) 


increased  weaf 
Interference  with  function 

etching  of  vision  devices  blotting  moving  elements 
a'teration  of  electrical  properties  erosion 
o‘  surface  coatings 

'ncreased  wear  loss  of  mechanical 
,  strength  alteration  of  electrical 
properties  interference  with 

1  function 

Surface  deterioration  structural 
i  weakening 

'ncreased  conductivity 


!  Structural  collapse  interference  with 
I  function  toss  of  mechanical 
!  Strength 

Mechanical  interference  and  clogging  abrasion  acceie 
rated 

Accelerated  low  temperature  effects 
Accelerated  high  temperature  effects 

j  Structural  collapse 
Increase  m  weight 
I  Structural  weakening 

|  Accelerates  cooling 
Electrical  failure 

Removes  protective  coatings,  structural 
w  •'kemng  surface  deterioration 
Enhances  chemical  reactions 
,  Mobility  reduction 


Structural  weakness  seizure  of  parts 
contamination  of  products 
Dissolving  out  and  changing  of  materials 
Mechanical  damage 
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TABLE  II 

t  nvmmmtmtdl  tji  to* 
i AH  70  38  limit- 

Biological 

Inserts  and  bacteria 
Animals 


f  iing* 


I  shoe  k 

t»MktHr  man*  temperature  changes? 

High  speed  part  it  les 
Inurlear  irradiationi 


0/one 


f  «  plosive  decompression 

Dissociated  gasps  ie* 

haust  gasps  missile  and  ammu 

mtion  propellant  gases 

Arc  eleration 

Vibration 

Magnetic  fields 

E ler  tromagnetir  Radiation 
<Rf  to  microwave) 


SUMMARY  OF  MAJOR  ENVIRONMENTAL  EFFECTS  (Cont'dl 


f’nru  ipai  effects 


T  ypical  failures  ifi'lut  **d 


Penetration  into  equipment 
Nibbling  py  animals  termites 
inset  t  larva  and  adults 


Growth  of  molds  hyphae 


Mechanical  stress 


Heating 

Transmutation  and  lom/abon 


Chemical  reactions 
Cra/mg  cracking 

E  mhnttlement 

Granulation 

Reduced  drelec  tnc  strength  of  air 
Severe  mechanical  stress 


Chemical  reactions 

Contamination 
Reduced  dielectric  strength 

Mechanical  stress 

Mechanical  shess 


Induced  magnetization 
Induced  currents 


Blockage  of  small  parts  meters  eti 
Damage  tn  piastn.  i  allies  or  other 
organic  insulating  materials  t  ausmg 
shorts  Stfu*  turat  failure  of 
wood  !  loth  and  paper  elements 

Damage  to  nptii  ai  equipment  leakage  paths 
■  n  h,grt  imp«*daru  e  k  ir .  u«ts  t  <<•»*.  kage 
o*  sma*l  parts  mete's  eti  breakdown 

"u*i  riHni  a1  strength  •  f  ail  utgar'c  materials 
d'Si'*teg*ation  ,  t  wviod  paper  and  loth 

M'  I  ’..rrfi  ■  o'ldpse  ill  weakening  twnd-ng 
,ng  t>a'fs  sea  dan^agp 

*he'ma  aging  <-hpm«.  a’  reaction 
p.  iiymen/atipn 

Aiterat'on  of  i  hem1' al  physu  ai  and 
eieL  tru  a-  properties  production 
of  gases  and  se:  ondary  partu  les 

Rapid  oxidation  fading 

Alteration  of  chemical  physical  and 
electrical  properties 
Loss  of  mechanical  strength  cracking 
Interference  with  function 
Insulation  breakdown  and  arc  over 

Rupture  and  cracking  structural 
collapse 

Alteration  of  physical  and  electrical 
properties 

Insulation  breakdown  and  arc  over 

Structural  collapse 

Interference  with  function  increased  wear 
structural  collapse 

Interference  with  function 

Alteration  of  electrical  properties  heating 
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discussion  here.  even  though  its  understanding  is  impiMtaiil  to  ihe  subject  i>(  inaleriel  testing  in  !he  deserl 
env  iiomneiit 

liiespei  Use  ni  the  ciilena  e  haraelei  istu  ot  desctl  env  iioiimcnis  discussed  m  the  previous  section, 
i  lie  linn's  ol  these  laeiors  as  delineated  in  \K  ~<>  'X  ate  eon  t  lulling  I  or  ihe  deiei  mi  nation  ol  the  pel  tomiaike 
o!  \i  im  inatei  iel  m  the  de-ei  l  env  nomnent  a  net  imisi  he  ohset  v  ed  I  lie  \  K  ’’(I  IS  hunt  \  allies  lot  those  e  ns  I 
ronmenta!  taetors  eos  ei  ed  are  show  n  in  I  able  I  4  and  See  lion  I  II  to  indicate  Us  eh  of  these  fact  sirs  that  mils! 
he  met  without  adserse  effect'  on  the  equipment  under  consideration  ( ) t h e r  factors  not  uieluded  in  the 
pnmarilv  climatological  concern'  of  \K  “’ll -IS  are  those  telutmg  to  topographical  01  tcirain  effect'.  Mich  a' 
niobihts  of  seliielcs  emplacement  of  amlleis  piece-  and  preparation  and  concealment  of  storage  site' 
(camouflage)  oi  ai  tillers  and  rocket  wat  head  tin  pas ;  et  tec  I  -  .  in  ss  Inch  the  geo  men  s  oi  phs  i.  al  chaiae  ter  otic ' 
of  the  soil  are  of  major  importance 

In  general,  most  vehicular  problems  cn.oun'eivd  in  me  deseit  environment  an  .  .nisei!  hs  and  and 
dust  and  bs  estremels  higfi  temper  atm  es.  Deep  sand  and  pow  deied  Ja .  and  the  inf  dilation  ot  sand  dii't ,  and 
grit  cause  personnel  problems  as  well  a'  piohkms  with  .etude  mobtlnv  and  the  operating  me  Ji.tni'in'  o! 
vehicles.  I  igures  1 1  K  and  ll-'h 

Pneumatic  tires  tor  wheeled  vehicles  and  solid  rubber  toad  wheels  for  tracked  vehicles  are 
setiouslv  affected  bv  heat  build  up  !  ties  t<ei;ueutl>  experience  blow s  uts  or  chunking  (Head  sepaiation!  when 
operated  al  higher  speeds  on  hot  paved  and  grave:  loads  and  are  readily  cut  bs  sharp  edged  rocks  when  oper¬ 
ated  of  f  roadways,  figures  1 1  10  through  II  14 

I  tansmissioiis  and  engines  fail  much  moie  rapidlv  than  in  icmperate  uses  because  of  increased 
power  requirements,  as  well  as  the  higher  temperatures  Batteries  deteriorate  more  rapidlv  because  of  the  high 
temperatures.  C  ontamination  from  fungal  and  biological  growths  and  particulate  matter  in  the  form  of  dust 
and  grit  is  a  serious  problem,  particularly  w  itii  fuels  and  lubricants 

I  he  presence  of  hue  let  ml  ot  fungal  .  on  tain  mat  ion  is  seldom  expected  in  the  dry  environments  typ¬ 
ical  of  deserl  region  However,  in  pool  Is  ventilated  enclosures,  such  as  fuel  tanks,  oil  reservoirs  and  Ihe  like, 
moisture  condenses  from  the  an  inside  ihese  vessels  when  nighttime  temperatures  drop  below  the  dewpoint 
Such  moisture  mav  not  be  re  evaporated  during  the  dav  because  of  the  lack  of  ventilation  and  builds  up  suffi 
eientlv  to  provide  in  env  it onment  highly  conducive  to  bacterial  and  fungal  propogaiion.  Numerous  instances 
of  internal  coirosion  of  fuel  line  blockage,  injector  blockage,  and  lubricating  failure  base  been  tiaced  to  this 
source. 


I  ngme  problems  in  diesel  powered  vehicles  at  Yl’Ci,  in  one  instance,  revealed  the  following  orga 
nisiiis  in  he  present  in  the  fuel  and  assumedly  originating  from  the  vehicle  fuel  tanks  It  must  he  noted  that 
water  must  he  present  for  these  organisms  to  he  viable:' 

Hacteiium  l\cudomonas (alcaligines,  pseudomallei,  aeruginosa,  cepacia) 

Bacterium  /l.ini/i/s 
I  ungus  Vi opii/.inops/s 
fungus  A  spcrg;//us 
fungus  I’cnuillmn i 
I  ungus  /  imirmni 
fungus  (  andid.i 
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HIGH  AMBIENT  AND  ROAD  SUREACE  TEMPERATURES 
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FIGURE  11-13.  SECTIONED  TRACK  PAD  INTF  RNAL  DAMAGE  (BLOWOUT)  CAUSED  BY  HIGH 

TEMPERATURE  OPERATION 


FIGURE  11-14.  TRACK  PAD-  DELAMINATION  OR  BOND  FAILURE  CAUSED  BY  HIGH 
TEMPERATURES  DURING  OPERATION 


Fungus  Alternario 

Actinomycetes 

Organisms  of  this  type,  which  are  commonly  associated  with  soils,  can  synthesize  chemical  com¬ 
pounds  that  are  corrosive  to  metal  parts.  They  are  generally  restricted  to  the  water-fuel  interface.  There  is 
some  possibility  that  water  in  fuel  tanks  may  result  from  rain  or  vehicle  washing  or  stream  fording,  but  these 
are  unlikely  in  desert  operations;  the  above  mentioned  condensation  of  airborne  moisture  is  considered  to  be 
the  predominant  factor. 

Forced  ventilation  is  needed  to  provide  clean,  coo!  an  in  enclosed  spaces  and  to  maintain  proper 
relative  humidity  for  human  comfort.  Ventilation  equipment  frequently  does  not  completely  filter  fine  sand 
and  dust  from  intake  air,  resulting  in  damage  to  equipment  and  to  personnel,  especially  in  moving  vehicles. 

Problems  of  photographic  equipment  in  desert  regions  are  those  of  high  temperatures,  which 
cause  changes  in  processing  variables  and  rapid  deterioration  of  both  unexposed  and  exposed  film,  together 
with  dust  infiltrating  cameras  and  film  processing  equipment. 

Shelter  in  desert  regions  is  not  as  critical  to  survival  as  in  artic  regions;  yet,  in  many  cases  it  must  be 
provided  for  protection  from  heat  and  high  solar  radiation.  Problems  with  electronic  equipment  in  desert  op¬ 
erations  involve  the  high  temperatures  induced  by  solar  radiation  when  added  to  normal  operating  heat 
sources.  Hot  spots  develop  around  operating  components  that  dissipate  heat  and  are  further  aggravated  by 
direct  heating  by  solar  radiation.  Fine  sand  and  dust  contribute  problems  by  infiltrating  mechanical  moving 
parts,  causing  excessive  wear,  interference,  and  jamming  of  equipment.  Generally,  in  desert  areas,  electronic 


equipment  must  be  pro  vide  d  dust  free,  cooled  air  to  maintain  operational  reliability  I  able  1 1  pi  e-.cn  ts  some 
of  the  difficulties  produced  by  the  desert  env  ironment  on  various  types  of  ground  support  equipment 

Summer  desert  tests  conducted  at  the  Yuma  Proving  Ground  on  the  performance  of  vehicles  and 
equipment  revealed  many  problems  resulting  from  severe  mechanical  and  thermal  stresses  imposed  bv  deseri 
operating  conditions.  Although  solutions  for  these  problems  were,  in  general,  not  difficult,  the  equipment 
would  not  have  performed  satisfactorily  in  the  desert  without  corrections  for  these  defects  being  tcvealed  hv 
the  test  programs. 

2.  Specific  Effects 
a.  Vehicles 

i  I )  Mobility 

Mobility  testing  of  wheeled  vehicles  indicates  that  decreased  tire  pressures  increase  ve 
hide  mobility,  enable  vehicles  to  climb  steeper  grades  and  longer  slopes,  increase  tractive  effort,  and  decrease 
resistance  to  towing  in  soft  soils  and  loose  sand  In  addition,  comparative  tests  between  single-  and  dual  tired 
vehicles  of  similar  types  reveal  the  superiority  of  vehicles  equipped  with  large,  single  tires  in  traversing  deep, 
loose,  sandy  terrain.  In  tests  at  Death  Valley,  C  alifornia,  the  mobility  of  the  T43EI  tank  was  hampered  bv  the 
protruding  gun  striking  the  ground  when  traversing  gulleys,  not  uncommon  in  desert  areas  This  can  be  a 
problem  with  vehicles  carrying  long-barreled  weapons  in  either  the  “ready''  or  “stowed"  modes. 

(2)  High  Icmpera/ures  and  Related  Problems 

Most  vehicle  cooling  systems  function  satisfactorily  during  desert  cooling  tests  under 
moderate  stresses  consistent  with  normal  road  load  conditions.  With  more  rigorous  test  conditions,  the  cool¬ 
ing  systems  generally  do  not  function  satisfactorily.  The  cooling  systems  of  tracked  vehicles  are  generally  ad¬ 
equate  for  moderate  test  conditions  but  not  for  more  rigorous  conditions. 

fable  1 1-8  summarizes  the  full-load  cooling  performance  of  a  cross-section  of  vehicles 
tested  prior  to  1973,  It  will  be  noted  that  many  show  excessive  temperatures  under  this  operating  regime  In 
most  instances,  these  inadequacies  were  of  degree  rather  than  outright  failures;  i.e.,  exceeding  cylinder  head, 
transmission,  or  gear  lubricant  temperatures  when  operating  at  full  output  at  very  low  road  speeds  at  limiting 
ambient  air  temperatures.  l  ubricant  breakdown  results  with  sludge  formation,  reduced  lubricity,  and  load 
carrying  ability.  Figure  11-15.  Higher  road  speeds,  even  at  full  throttle,  would  bring  these  temperatures  down 
as  would  also  reduced  road  load,  i.e.,  reduced  throttle.  In  most  instances,  these  conditions  were  rated  as 
shortcomings  rather  than  deficiencies. 

The  M60AI  tank  showed  transmission  oil  temperatures  would  exceed  the  300  F 
( 149  (  )  limit  at  ambient  air  temperatures  in  excess  of  1 15'  F  (46  0  at  2.7  mph  in  low  range  In  another  test  of 
the  XMI  tank,  using  fuel  having  a  flash  point  of  J 45 " F  (63”0,  fuel  tank  temperatures  of  I5S)  p  (71  (  )  were 
measured  at  104" F  (40°O  ambient  temperature.  When  fuel  temperature  is  above  the  flash  point,  volatile 
gases  arc  present  in  the  fuel  tank  and  would  be  released  in  the  event  the  filler  cap  were  opened  This  would 
create  the  possibility  of  a  fire  if  an  ignition  source  were  present  and  negates  the  inherent  advantage  of  distil 
late  fuel  over  gasoline  in  preventing  fuel  fires  in  combat  vehicles. 
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FIGURE  11-15.  DETERIORATED  LUBRICANT  DEPOSITS  ON  TRANSFER  CASE  GEARS  AFTER 
12,000  MILES  AT  HIGH  AMBIENT  TEMPERATURES 

In  one  desert  test,  onl>  a  fe»  tvpes  of  gasoline-powered,  wheeled  vehicles  equipped 
with  engine-mounted,  vacuum  fuel  pumps  could  he  operated  without  vapor  lock  occurring  During  another 
test,  the  only  wheeled  vehicle  found  acceptable  at  high  temperatures  was  one  equipped  with  a  submerged-type 
electric  fuel  pump.  In  general,  the  replacement  of  the  normal,  external  pump  with  a  submerged-type  pump 
eliminated  vapor  lock.  Most  mam  engines  (gasoline)  m  tracked  combat  vehicles  tested  at  Yuma  appeared  to 
be  immune  to  vapor  lock,  but  the  auxiliary  (gasoline-lueled)  engines  with  which  they  were  equipped  experi¬ 
enced  severe  vapor  lock  and  required  major  corrective  treatment 


Ax  of  1980.  vapor  lock  problems  have  largelv  disappeared  because  of  the  use  of  diesel 
engines  and  submerged  or  in-tank  fuel  pumps.  Gasoline  is  still  prescribed  as  an  alternate  fuel  for  multi-fuel 
engines;  however,  the  techniques  developed  for  correcting  these  deficiencies  in  the  past  can  be  applied  in  any 
future  developments.  Further,  such  techniques  must  be  considered  not  only  for  vehicular  applications  but  for 
any  engine-driven  equipment,  such  as  portable  construction,  pumping,  air  compressor,  and  power  generator 
applications  as  well 


Tracked  vehicles,  particularly  those  with  light-weight  band  tracks,  are  subject  to  track 
misguiding  and  breakage  when  operating  in  loose  sand  and  rocky  terrain  if  track  adjustment  is  not  properly 
maintained 
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weieobseived  Although  materials  would  he  relaitvvv  unattc.  led  l>>  these  m  nipeta'<i:-  • .  i  i  ■  i  -li  •  i. 
comfort.  and  increased  degradation  ol  pei  toi mails' <  >  ould  he  expo.  led  ot  personnel  nav.ny  t>  ••.•piaiii  ! 
vehicles  under  mi  eh  opei  an  nit  son  unions 

'sandhko'me  uni  .  .Iran.  '  ■  and  a  in:  di  i  up  n  es.  ;  •  ui  i  .  ,o  :  .  p 

parts,  can  cause  excessive  we.t:  ami  .'.mm  mi:  ot  .  ..n,: .«•  ■,  ;.;io  i  cure!  I  I  s 

!  ijiuie  .i  1 1<  '.usiia.es  .seal  u!  'm.k  eu.de  s.,  ilav.es  .md  .hunk  me  idea: 
tires  of  a  road  w heel  Itoni  an  Mil  1  -\i  imued  In! .  • : : ■  \  cr’is.e  allet  mhiic  20<KI  up  i  O * '  k:m  ..  • 

etv  of  road  and  eioss  eou:.::v  courses 

Heat  damaee  to  a  :  ;:  •••  1  in-de1  Pool  ea used  bv  high  hiake  lem ;•  . 

high  ambient  tern  per  atuies  is  sm.w  u  m  1  .e ,p  e  i  I  ;• 

In  'lie  initial  prod.i.in a.  i.s:  oi  'hi-  M-n1!  improved  tann  '.ink  I  i  )\N  \  . 1 
menis  indicated  proh.enis  wrn  excess]. e  feat  met.  am!  dese!  i  vegetation  ■.  rew  membv'  -:.*•< ..  ’I 
ttlad  thev  didn't  have  to  keep  hatches  and  .imp  „ loved  dur.ng  weapon  s\ stem  operation  ika:  . : •  - 
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FIGURE  II  16  HIGHEST  TEMPERATURES  I  H  AND  SOLAR  RADIATION  ILANGi  f  VS' 
OBSERVED  WITH  THE  M60  TANK  DURING  DESERT  STORAGE  CONDITIONS  WITH  THE  MATCH 

OPEN  7  SEPTEMBER  1973 
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FIGURE  11-17.  HIGHEST  TEMPERATURES  (CF)  AND  SOLAR  RADIATION  (LANGLEYS) 
OBSERVED  WITH  THE  M70  TANK  DURING  DESERT  STORAGE  CONDITIONS 
WITH  THE  HATCH  CLOSED,  11  SEPTEMBER  1973 


FIGURE  II  18.  TANK  COMMANDER'S  CUPOLA  BEARING  -  ABRAIDED  RACE  AND  PLASTIC 
8ALLS  FROM  DUST  INFILTRATION;  PREVENTED  CUPOLA  ROTATION 
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FIGURE  11-20.  BRAKE  WHEEL  CYLINDER  BOOT  -  SOFTENED  AND  TORN  DURING  HIGH 

TEMPERATURE  OPERATION 


weapon  system,  added  li>  normal  vehicle  heal,  would  make  condition-  iniolerahle,  il  closed  up  Du-i  janunej 
the  acuiatoi  valve  of  the  nightsight  cooling  bottle ,  putnr.g  the  sight  out  of  operation.  Duel  jammed  latches  on 
die  cargo  hatch  and  caused  the  locking  pin  to  hind  Desert  vegetation  knocked  a  grenade  storage  bos  olf  (tie 
side  of  the  vehicle 


An  articulated  const i ik non  vehicle  having  a  power  section  and  alternate  wot k  sections, 
''family  of  Military  I  ngmeer  C  onstruc non  Iquipment"  tl  AMI  t  1  ).  experienced  a  number  of  deficiencies  in 
test  operations  on  the  dust  course  and  i  oads:  '• 

•  Sand,  dust  and  gt av c  I  on  the  couplet  frame  housing  and  lock  ring  sliding  surfaces 
interfered  with  lock  ring  rotation 

•  C  nb  lloor  temperatures,  extrapolated  to  I2>  I  (52  (  ).  reached  224  I  ( 1  2n  C  » 
under  full  load  operation-:  I51  I  ibS  t  )  under  road  load;  and  190  f  (88  C)dur- 
mg  earthmov  mg  operations 

•  Moistute  condensation  in  the  compre—ed  an  system  cau-ed  rusting  of  the  quick 
disconnect  fitting-  (an  check  valves)  and  latlure  to  close.  Consequent  air  loss 
cau-ed  hi ake  latlure. 

Most  cooling  test-  are  conducted  on  the  dvnamometcr  course  (maximum  loading  con¬ 
ditions)  or  cross-country  or  on  the  highway  (road-load  conditions!.  An  i.nteiestmg  addition  to  such  operation 
is  that  amphibious  vehicles,  such  as  the  l  S  M  I  1  A  I  I’’.  1  tgute  i I  21.  rmi-t  cool  adequately  while  sw mi¬ 
ming  in  water  at  95  f-’  (35  C  ) 

Tests  are  run  on  the  dust  course  both  with  another  vehicle  closelv  in  ftoni  o;  the  test 
vehicle  and  with  the  test  vehicle  alone  to  determine  the  efficiency  ol  engine  air  cleaners,  figures  11-22.  1 1  -  2 1 
jrtd  111  IT.  In  such  an  air  cleaner  test,  with  no  lead  vehicle,  an  MbOAl  tank,  which  can  obtain  us  engine  intake 
air  from  the  crew  compartment,  was  compared  with  an  \MI  (developmental!  tank,  which  obtained  its  com 
bustion  air  through  engine  compartment  guiles  I  he  MbOAl  tank  was  operated  for  8.1  hours  before  the  an 
cleaner  restriction  dropped  to  2^  in.  (H.O);  whereas,  the  \MI  operated  for  only  b?  minutes  In  a  second  trial, 
after  cleaning  the  fillers  with  compressed  air,  the  latter  run  for  80  minutes.  I  his  comparison  is  cited  to  tllus 
tratc  the  difference  in  serviceability  that  can  result  from  moving  the  combustion  air  intake  to  a  location  where 
dust  surrounding  the  vehicle  is  minimal  l  sen  had  there  been  a  leading  vehicle,  the  dust  concentration  at  the 
level  of  the  MbOAl  crew  compartment  intakes  would  have  been  lower  than  at  the  level  of  the  \M!  intakes 

h.  Weapon'-  and  Kelaied  (  dmponents 

Most  weapons  tested  required  special  emplacement  on  the  gravel  and  hard  ground  terrain 
found  in  the  desert  environment;  however,  the  1 05 mm  howit/et  seated  satisfactorily  in  all  types  of  desert  ter 
rain 


One  of  the  major  problems  of  ground  based  weapons  has  been  muzzle  blast  (or  breech  blast 
m  the  ease  of  rocket  launchers  and  recoil  less  w  capons).  f  igure  II  24  I  Ins  presents  an  almost  insurmountable 
problem  of  security  from  observation  and,  particularly  in  the  case  ol  artillery  and  tank  guns,  make'  obscr 
vat  ton  of  fire  effect  most  difficult  Besides  the  problem  of  change-  in  ballistic  characteristics  arising  from  high 
ambient  temperatures,  elevated  temperature  ol  propellants  and  an  density  changes,  winch  can  be  compen 
sated  (in  mote  or  less  sattsfaclonly ,  other  effects  -uch  as  exudation  of  explosive  filler  in  ammunition  aie  not 


5b 


FIGURE  11-21 .  AMPHIBIOUS  VEHICLE  OPERATION  IN  HIGH  TEMPERATURE  (>90°F>  WATER 


FIGURE  11-22.  OUST  CLOUD  TYPICAL  OF  WHEELED  VEHICLE  OPERATION  -  OPERATOR  AND 
LOAD  SUBJECTED  TO  HEAVY  DUST  CONCENTRATION 
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vfc-  < 


* 

FIGURE  11-23  TANK  OPERATION  ON  DUST  COURSE 


*  * '  ..  .. 

*  .  ..  * 


FIGURE  11-24.  DUST  CLOUD  GENERATED  BV  FIRING  TANK  MAIN  WEAPON.  SHOCK  WAVE 
PRODUCES  DUST  ALL  AROUND  THE  VEHICLE  AND  BLAST  WAVE  RAISES 
SUFFICIENT  DUST  IN  FRONT  OF  CANNON  TO  OBSCURE  VISION  OF  TARGET. 
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so  coni  Tollable  anti  mat  exen  pit*  .enr  iii.i  >■  i  tit  it  ;-*r  >  ■  r>  ■•ni  •  •-  'emnei  atm....  'I  round*  hint1  t>n  i  lit  j'ihihw  .  n 
stowed  in  combat  vehicles  r  ice.  I  rgmcs  II  .'*-.1:  .’<>  U  ' 

Antill.ii  x  eq  in  pi  tic  nt  .'1  weapon  - ' 1  tin  i  ad  .  ei  .ei  t  1 1 1 1\  led  b\  r, urn' t .  ai  -  a-pe.  I  *■  *d  .It  .r:  i 
operation.  Vision  problems  arise  because  ol  muzzle  t  ■•■a*',  a*  pies  mu -I',  mem  .onetl .  ami  lieale.l  an  m  llie  line 
of  sijjlit,  but  moie  sei  ions  pit.blems  m  t  ie.  noiii.  .or*  .a  n  ms  jet  eh.p  be*.  ause  ot  . i  ■  in  .il"tl  .  ■  mip. men :  . 
that  break  dost  n  oi  change  then  t  ha;  a.  it 1 1  me  s  .  ■■  an*  in!  :  'a  ted  fn  Jus:  M  . .  ilc  ,  otitr  1  impr !  .ei  s  and  slab i 
li/at  ion  control  amplifiers  on  helicopter  *.  m a!  ’  u :  ;,.*=•  be...  :  .e  ot  b  ,  I  'empe.  at r,.  ;  a*:.,  ala; lx  when  sitting 
on  the  ground,  presenting  piopei  p> el light  .  <■.  •  ■  i :  ]  s  p  :  ■ujil,  bum  in  .  oolnig  t  aim  .o •.  p> os  ided.  tint mg 

normal  flight  operations  ol  helicopters,  the  cor*:  ic-.nol  met;  ;ei  tern  pet  at  m  es  i  p.o  n.  Pails  in  nap  of 

the -earth  operation);  solar  radiation  heating,  •r-t.  •  a  .  ne'  ated  he  it  iim  iee tt ouk  ge  n  .  and  heat  imposed  bs 
engine  I R  supprtssion  components  and  post t .  •  r  •  •  ,  . o:ni  m",  *1  at  .  at.se  *.»ilu*«*s  malfutu  tion 

of  laser  designators,  loss  of  -'abihz  mon  o!  !c  .  •  ■;  •.  ••  •••.•.ping  ot  comp.-** :  •  iemcnis.  with  atteu 

dant  memory  losses 

The  I  15M  I  teles-, op,.-.  ;d.e  ,  s,  ■,  ..  ..  -n,  ,  u  •i  1  ,.<*.gt  i  0. -ie:  ■  •  the  fite  -  i>nttol 

system  of  the  M4K  I  ank  tltd  not  m.omair  .;•»••  ..  ...i  >  .  oam  '-n.  1,  .let  i. .Kit.  ie at-, 

chargeable  more  to  the  tugged  tenai"  .  :  *ht  at..-:  -n.,,;  •.  x  •  .  ;e:..;vt.r.  .n  •••  I  t.e  lit  .  1  >  seititie 

mounted  machine  gun  brokt  timing  xio-.  .  .mr; :  .  .>:*eiau**.>.  •  a- me  I ! 

In  testing  a  hand  in  Id  \i  ■  :  ;  in  .-. 
a  moving  sehtcle  between  t‘*i*  taiige  in*  Jo  i  m  'at 
range  to  the  dust  cloud  was  obtained  it  .tie-  ..Uc 
accurate  ranging  beyond  '<*»!  tti  btc.iu-c  ot  beat  ;  •• 
the  optical  elements 

In  a  light  weight  lamu  hei  in  :  ■  <  ten  •  it  •  .(„•  ,•.  ountrs  omi  se 

tests,  binding  t'f  the  rockets  in  the  I. u.i  v,  •  t  .  .**  • t,.,;  in  •  d-  ...  ...  1  a  potentials 

hazardous  situation  *4  \  similar  situ,.::'  m  *.',.  t  .  •  •  cme  i.  .  ,  •  ■  1,0.11*  1 .1  • ,  1 

In  a  stm  age  test  of  tin-  M-l  >!  1  ■  1  •  ■  ■ '  .,,•*•  1,. .  '.i  .la  kcmrtg  01  : 1:0 

meter  face,  making  it  s ei s  .to ficuli  t.' o  a.'  !  : g 1  '!  >0 

I  he  s  a  nation  ol  icmpe;  •..:•  .  •  •• 

tendenes  tot  stable  an  condition-  dm  n*g  •  nnbt,  in:,v  u: 
agents  and  a  consideration  m  balli-o.  -  H*en  isnni  •  ten  ■•  ipiic 
ait*  impot  lam  in  balli  -tic.  and  max  ai-'  i.-aiv  ;  • . 

c  \1u.1f: 

Xiivi.i't  aie  t*  uni  1. la  is  tib,-.  1  .i.'d.c-  t  .  em.!:'.oir  *  tin  hoi  1  l*c.  . or.e  o*  •  >,t  it  opt  1 .11  ;o 

rial  ri'les,  figure-  1 1  Main!  II  ilrb.opte'  g.i'i-h.;  ;•  m  : ,  ; '  .1  r  '  '  be  eai  lb  mode  t.  u.idtiabi,  ;-.-i 

tlons  ol  then  flight  Him  I  lenie  1 1  ' 1  I  1  ; .  -por  ■  1  in,'  1  ■!  •;•*,  ■  It  e  1 11  fill  I .  :o,i.'  n.,mir.  i.  ■  -  i  >  'm.  ci 

mg  mode,  as  well  a-  Using  1!  rut  |«- .  I,  ,.01:  eaiimm.  i  ,ein  ■  '1  Hum  ,m,|  d-.-bi,-  is  .mod  ..p  >.x  ;.•!..! 

downwash,  and  unless  p.it'K  id. 11  ai'fidionis  pod  •.  de  a,*pm»  •,  h.  an,ii|.  ,.v  .  .  .•  ,  . ,  •  1  m  ,  0  •  un-urn  ei 
einenis  and  rotor  blade-  an  1  e-tilt  m  l.nhi:  r-  ot  rh,  ,  .  •  mp- ■"  •  m  in  1  ligtu  01  ex.  c-  m  r  mam  ten. it.it'  down 

time,  figure  II  R  I  Ills  1-  rno-:  par  r  .  'il.i  It  a  r  *-.•  ••■  "i  tin  . .  |  ■  .11  an  am.  n  .  1 .  ■  r  >  ..-n  i  .  ,.01,  Is  d  ;M x .  di  \  d< 


:  I  '''.Ills  -.<•mi.il  .-!  III'  I  t  -  ptodi.f.  ,1 

or,  .deration  in  emploxment  ot  chenma1 
i'  '  'll  •  ■n-eiiiietit  de  tea-,  ot  .10  ii •  11  - 1 : s 


•  .1  1  ,  a  Kl  .  .1  -  1  " '  ‘  I, if  O!  .... 

ill  at  oms  the 
s*  I  ■  . '  •  1  *‘  •  .  ■ ,  ,  '  •  .:t!  i  i't  C 1  t'd  tl  d 

..  J  ..ppa,  1 1  i  n. ■  semen  ■  >•  t.u get  -  n 


se  r  t  s 


FIGURE  II  28.  MACHINE  GUN  MOUNT  LEGS  FAILED 


FIGURE  II  29.  40  MM  GRENADE  LAUNCHER  DUST  CONTAMINATION 


FIGURE  11-30.  DISCOLORATION  O'  M £ T t  r.  F  ACL  (LEFT,  OF  CHEMICAL  AGENT  DETECTOR 
KIT  AFTER  12  WEEKS  STORAGE  COMPARED  TO  STANDARD  UNIT  (RIGHT) 


FIGURE  11-31.  DUST  CLOUD  DEVELOPED  BY  CARGO  AIRCRAFT  OPERATION  FROM  AN 
ASSAULT  STRIP  (REPRESENTATIVE  0>  FORWARD  AIRFIELD  IN  A  DESERT  OPERATION! 


FIGURE  II  32  DUST  CLOUD  PRODUCED  8Y  LOW  ALTITUDE  PARACHUTE  EXTRACTION 
SYSTEM  (LAPES)  DELIVERY  OF  EQUIPMENT 


-*r 


FIGURE  II  33  DUST  STORM  CREATED  BY  HELICOPTER  ROTOR  DOWNWASH 
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FIGURE  II  35  HELICOPTER  ROTOR  TIP  EROSION  CAUSED  BY  DEBRIS  IN  THE  AIR  STIRRED  UP 
DURING  NAP  OF  THE  EARTH  FLIGHT  OPERATIONS 


High  (  mpet  jiuic  .  u:i  and  i):.  ;s;  g  'i.l  .il  >■  n  >n-i .  it'.-i  .in  .  i  ;i'  i  :  ■ ' "  ; ' 1  1 1  I  he 
■  eduction  in  air  density  wish  cic-. a  ted  leu  ,-v:  r  •  mi;.. •  the  : ; i '  .uputunt :  : •  v  an ■.  ra : (  .u.  Si  liiai  •.  iimnai 

range,  cargo  capacny,  01  munitions  loads  mas  e  to  i«e  lev.  <  a-vU  I!'.-.'  l.yiii  miikIiik.  oS  me  ;m,i  j  1  r  heat 

rapidlv  from  the  effects  ol  high  ambient  at:  temp:. rami c  and  olai  ran  anon.  and  espesiall.  when  the  au.raf ' 

is  on  ihe  ground,  enclosed,  poor  5  s  sent  dated  spa  <•*  n,  m.'i  v.'i.  high  leinpeiatmes  A  ■  pi  ■  ■  s  >.  m  •  d;  i  ....  s 

in  relation  to  weapons  system.,  it  el'Ationa  i»  :  -  -s  •  i  cicmci:'  •  .nr  d-se  enclosed  an.i  t  uti.re  •  mu, 
functions  san  and  do  resiil: 

J.  (  onsfrucfion  <u..’)c..r ■',//?,,•  .  •  /  a.;/ 

I  hese  clas.es  o!  erjiiipnisfii'  UK  lath  a  .Je  i  atsge  of  .  liar  a  . !  e : a  -  m.  ■  ill  .  i . '  •  a'.etii  •  a- 

(!)  Traitors,  cjur  .  .  ..  :  :  ...  ;  "■  £  , ..  ,  m . . 

1 2 )  W  ater  treatment  - .  .i .  a 

( 5 1  I’OI  storage  and  u  ;::et;' 

(4|  Air  sompicssoi  •  ;  >:•  ip-  ai.dv.  :> 

(5  I  1  Seeing  power  gene:  ..  :;c  : 

(M  -\u  conditioning  1  id  •  et'-get.i  me  e.,-.:  j  ••  u'  ',.e. 

Cl  food  prepa; anon  e-i'.upnn.  to  .teals,  he.; 

(8i  I'nifoi  n.s.  hod  ,  .,,.>i 

(d)  Portable  shelters,  o:  tic.  ...a- 

(10)  <  ameras.  tape  iso'ide; . ; r  .i r : l :  e  :  ev  '  .;  '  ic 

Much  of  lhi.  eampis.  ft  -n,  ..-c  .!>  ii  :t  no  rn  .  .  t  ’ .  me  .a me  en  > .  i  o.ni.en.o  pnot 
lettis  as  vehicular  materiel,  Hgsirc  il  in  mar,.  m-:,n:  ciuum  eii  o.i,  c  a>  ,  i ! . • .  portable 

equipment  to  provide  weather  pio'ecsior.  ri.imv  r: ■  ’  ■  p  .  ...  Ik  .uit.iiion.  however.  cn mi  ..re  is.;.'  r- 
exercised  to  ensure  that  stnh  t’lisio.'iti  .  d  .  tn-t  ..  .  .en  t  nine.  p-oblent'  at  high  amhiem  semper atut e. 

and  that  cooling  air  for  the  enclosed  en.ra.e  • radi.f  ”  -  uitc.-  ...tel*  t'liered  to  ptesent  ,!ovg  ng  ."  cooling 
fins  and  that  it  is  of  adequate  volume,  it  non  d  he  ".nocm-ed  n  n  .’.t'tonars  cue  I'tiient.  eseit  thougti  poiia 
Me.  must  be  fan  cooled  an  J  mas  be  a..*  -  'sen-  aff-..  ud  bo  .  n  v*nd  dne-tion.  ;t'  weii  .»  ■.  e!o.  its .  I  -eures 
II  C  and  11-38 


In  a  dust  test  of  a  10  o  c.j.  o.oh  lo.neato 


tg  ol  combustion  ait  and  cs.luv.ou  of 


dust  from  cooling  air  were  inadequate,  a  no  the  foiC"  mg  de  n  w.  :  e  ob  er\  ed 

a.  After  Cl  5  hou:  (if'  >  ftoais  ,u  modet ate  da-i.  io  hours  of  extreme  dust),  the  tut 
bine  wheel  broke  snot  posi'iveiv  established  a.  lelated)  I  ound  upon  disassembly 

I .  f  !-■  Jed  tiirbuu  tor  miets 
2  f  ro.ied  mle.  Mdc  ot  uofu  •  i  bi.id- 

'  I  roded  him.  .  >:  ioir  u  .  ‘ ;  nyai.t.n  .u:  eic a".  m  v:  neMtnr 

f  t  omptess.'  ass, it.-  drs.i  ,i>e  •  a  'on  do.  led,  s  ti-sutg  fuel  soii'.toi  so  operale  isn 
proper  Is .  ('input  eiiine.*  o  n.S  k  w  to  keep  exhaust  gas  temperature  Iron)  -seceding 
maxi'mim  nun 


IllipmjY  II  scam'  on.  n:  tea:'";  .I'.iowed  dti.'  I,  build  up  irt  bot'om  .*-d  tubes  of 
>i it  .  lean,  i  and  *  '  t  ' . .  ’  I 


Mir  -‘l...  S 


FIGURE  11-37.  10  KW  GENERATOR  SET  PLACEMENT  FOR  EXTREME  DUST  TEST 


FIGURE  11-38.  10  KW  GENERATOR  SET  DURING  EXTREME  DUST  TEST 


d  Because  •'!  oil  II  I  ;  Li  'i,..';  -;  j ..  . ..  \  I  ■  w.  ;  I. :  '  .  ' !  ■ 

e.  Inside  ol\ oiiibuMivii '  .in-'  \  d-.-t 

I  I  III  .  I  v  I  1 1  tr  !  --(I  .  -|  I  [ ,  -|  tl :  i  ,  l.r  I  b<  i 1  ■  i  '  !  i  i  I  j  ■■  *  I  r  Ir  -  I  I  I .  .1 1  •.  -I  1 1  ir-  I  it  t  M  S  -  -  '  1 1  r  I  1 1  '■  I 

pumps 

g  Insula  non  around  thv  ,  u,;  -  m.  i : .  .  :;.m.  ■•■■■  n,  .one  t  .j  .in.:  cr  ii:|.  .m m; . ,  nu¬ 

merous  pie-,  es 

h.  Battery  eell  caps  were  poo  ,h  -e  -..'h.1  d  ■  a  p>  he  sjunerK  removed  when 

se; .  ii  mg  ; tie  baitc’  . 

1  Warning  sign1- for  “not  evhui.vi  h  pfee  u.-emie. 

In  another  ten  of  cvuipiucut  ot  •;>:  s  cia-s.’*  a  watet  tank  ;  .tile:  op  opetateu  Vi  V**1  nitlv 
on  roads  and  cross-country  I  >  meal  dcticte-u  < of  c  v  ■  wcic 

a  (  racking  of  the  tank  at  the  nuu-i.,:.  .  -t.ow.ng  h  ec.hiig  ,i-,;  •ii..-,,ng  of  he  outer  -ur 
lace  and  separation  >r  touching  .  >a>  of  the  u.;;c>  ;rl-coat  hrurtg 

b  Brake  ailing  sloughed  aw  j,  i-.-v..-  .  i.eat.  m.  ■  .'.ids-  an-,  e  ■ 

c.  Cracks  developed  a;  ngf-l  ftorn  noiti-iiog  ;  au  and  at  the  light  tear  between  tank  and 

pad  (excessive  strain  I'lorn  ci oss...v-:ntrv  operations). 

C  ontainers  con-tiucied  oi  sheet  niatei  wis.  particuiai Is  certain  plastic-  deteriorate  and  fail 
under  long  term  exposure  to  high  tenipeiatures  IM  solar  i.vJiatnsn.  cr  both,  ,o-  experienced  at  VPCi  I  igurc  II 
39  illustrates  seam  failure  of  a  collapsable  'ucl  storage  tank.  !  taute  II  *u<  illustrates  plastic  sand  hag  material 
deterioration  and  failure 

The  wide  variations  in  the  .hara. to  km.  ,  o:  on,  class  of  materiel  require  that  detailed  studs 
of  each  specific  hem  precede  an.  tc<t  mitianon.  Tvo;  -  lor*  sht-uid  be  made  it'  determine  all  aspects  oi  its 
employment,  service,  maintenance,  and  storage  cri'ena.  as  w<  -I  as  procedures  and  results  of  an\  prior  testing 
of  this  or  related  items.  In  particular,  it  rhrs  is  a  new  item,  reports  of  items  having  relaied  or  similar  vompo 

nents  should  be  reviewed.  Inc  principal  concerns  u  a!i  cases,  however,  are  sand  and  dust  accumulation  on. 

and  abrading  ol .  moving  sin  faces,  the  effects  o*  high  n.mpotau.re'  cm  materials,  and  shocks  and  aa  eleralions 
imposed  by  transport  over  rough  desert  t.  ■  ram 

c  (ienei-.it  Operations 

During  cross -country  opei  itions,  dusl  I  uds  produced  h\  ir  useif  vehicles  limn  vtsihilltv  to 
a  considerable  extent  and  betray  positions.  During  tests  of  tiaeked,  armored  infanirv  vehicles,  personnel  com¬ 
partment  temperatures  ranged  fr-nn  1 3  to  li<  I  tK  10  (  1  above  tit-  prevailing  ambient  tempeiatute.  causing 
considerable  crew  discomfort  Opening  of  ventilation  polls  allows  dust  io  cnier  the  peisonnel  eompartment, 
causing  further  crew  discomfort  The  provision  it  respirator-  foi  v  elude  o.  i  upan's  as  well  as  improved 
methods  of  air  intake,  is  desnable  but  mat  ho  difficult.  <  ontimu.tis  use  of  lespuaiois  a;  high  tempeiaiuies  is 
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spoi'ed  \s  pres iousIs  mill... n-J  I  igi- 


a.  is  si  1 1 1  n>; 
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111.  U.S.  ARMY  YUMA  PROVING  GROUND 


A  I  OC'ATION 

C  nma  I’nnmn  l  ii  on  ml  ( 'i  PC  i ) .  the  t  s  \i  m  \ 1  s  pr  iik  tpal  Jf.fii  H"  t  .  enter .  i  limited  n  tin1  exit  cine 
southwest  vottiei  ol  \ii/oiia.  near  the  (  uv  . > !  >  tuna  Although  authorities  Jilfet  slightly  m  idemd  ving  vimc 
ol  the  western  dew  :  is  a  ml  then  i  espectiv  e  hound  a  lies.  \  umj  I’iihuib  <  u  omul  is  verier  alls  .  onsnlei  ed  a  I  s  my 
in  the  Sonoian  dcsei  t .  '  *'  one  ol  the  ni.iiai  North  Ameiican  ilesett'  I  vten-ive  ateas  m  the  wesie'-i  I  s 
desert  returns  are  sites  ot  .nhei  I  S  \  i  i  i  i  . .  N.iv.  and  \ir  I-  tir«.  f  activities  because  ..  I  et'het  anal 
environmental  character  istics.  m  h«»th  I  :gmr  III  I  illustrate1  the  location  o'  Vt’(i  with  ic-pe.  t  «»>  son,'  .  1 
these  areas  and  with  icspe.t  to  some  mjjot  M-  tein  population  .enters  and  phcciogtaf-hn  tea'ines  Vnsnir 
l hose  inili. ateJ  ai  e 

•  I  S  \r  ni .  I  ,e  ■ : .  no  I  i .is  a\c  '  ■  i  '■.ii,,.-.i .  U  ■;  i  1 1 ii.i.  hu. a.  al'on’  hti  an  miles  1 1 1 H1  k  m  i  >  i  : !  ii  w  ■ 

I  in.', <n.  \i  i.'i  ami  ’'D  mile-  id'ft  I  easi  ;ii  >  l’(.i  I'oaisothel  S  Aim.'.  (  'omnium.  a.nm 
C  .'inm.ir H .  o .1. ju .!■  i a  la.  ■  at !•>!•.  «'i  the  Aim;.  Intelligence  C.  enter  and  Intclligctuc  ''sir  «•! 

I  tuque  . :  at  a.  a  .■ :  i.  ■  :  u  .  "  tt-pumatv  mi. sum  ate  us  cleat  electtomagiie:i.  eu'.;io:i 

merit  ami  ftcid  in  ■  .un  an.  t.r  •  '.yoti  m 

•  Dugwav  I’t  o  ;■  c  i  '  "in. I  •.  *•*  -rah  i  -t  H  i  k  m .  muth  Hear  <  tguen  and  Sai'  I  ak  e  '  its  l  tali.:' 

now  .nmbinc  !  wot  >  u  lo:  t  ;i;ei  ,u  .1  has  as  it-  m>.ior  ,e-!  .m.l  Jevefopmetn  ,•!  henn.u! 

w  ar  late  and  b;"i..>'i.  al '.ie.'s  Use  -  ■  :r.  •  (  W  l>  I  >  i  \  j’oria>n  o'  the  ProUng  inonn  2  rtli'iij'  nil.- 
the  southei  n  i  a.,.  iie>  ,o-  the  i  lrc.it  Sa1’  I  a ge  I  a: : 

•  (.Iona  I  ake  N.r.  r’.  W  capon'  t  .-n’e.  •  WG  i  .m.l  Mo.iave  H"  Ratnishme  Ua.ti  I  no  Ranges  are 
ahtuil  2'^  miles  <44o  kmi  notthwe  t  o!  \  PG  and  ate  the  test  and  development  .vnieis  toi  an 
l.mnclie'l  weapons  ami  sin. diet  .  ahhei  gmi  Bred  oi'lnan.e  t«>r  the  t  S  Nav  v 

•  Pdwatd.  Air  I  "t.c  Base,  an  advanced  .nmepts  dev '  hipment  center,  is  about  miles  i  !  ;o  km: 
svinih  of  N\V< 

•  Nellis  Air  I  out  Base  an.!  Nuclear  I  c  -ting  Site  occupies  a  l.ugt  a  tea  in  Nevada  noithw-  i  I  a.' 
Vegas  and  about  4M)  miles  ('2*  km)  not th  <d  >  PC > 

•  I  iike-Williams  A  i  r  lone  Bombing  ami  tintinetv  K.rnee  m-  ditecdv  south  ot  A  l '  . .  evteucaug 
eastward 

•  A  lute  Samis  Mis. tie  Range,  a  Nation. i1  Missile  Range,  .ervmg  the  l  S  Aimed  fnr.es  N  \s  \ 
ami  pr  iv ate  imhi  .1 1  v .  sni  r  omuls  hie  W  i- ite  Samis  National  Monument  ahont  4 V  miles  i  '2'  k  m  i 
easi  in  New  Mevico,  pist  tu>t th  '.>(1  !  Pa  •  '  leva 

•  Death  Valiev .  about  ’00  miles  |4g(i  k  m  >  not  thwesteilv  I  torn  \  Pc  i.  is  a  responsibihi  v  ol  the  Bateau 
of  I  and  Management  ol  the  I  s  Dep.n  tment  ol  the  Inienot  and.  although  not  dedicated  to  deceit 
testing,  is  u seii  m  f  l'(  i  projects  u inlet  spec  >a !  art atigemonls  with  the  National  Par  k  Set v  uc  w hen 
unique  envnomnenlal  qualifications  ol  that  atea  are  needed 

•  San  Diego  is  approximately  I  *0  an  miles  i240  km  I  vsest  on  the  Pacific  (  'last 
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FIGURE  III  1.  LOCATION  OF  YUMA  PROVING  GROUND  WITH  RESPECT  TO  OTHER  DOD 
ACTIVITIES  IN  THE  WESTERN  UNITED  STATES 
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FIGURE  III  3  PHYSIOGRAPHIC  PROVINCES  IN  ARIZONA 


Across  the  ( olorado  Kiv  er ,  west  about  -hi  tn  i!c*>  (M  kin),  is  a  sand  dune  area  a'  a  liable  for  vehicle  mobility  and 
durability  tests  in  that  environment,  accessible  b>  highway,  or  by  rat'  if  necessary,  via  the  City  of  Yuma,  Ari¬ 
zona,  and  Ogilbv.  California  In  (he  immediate  siumts  ol  the  Prosing  Ground  are  the  KOI  A  (King  ol  An 
/ona)  National  Wildlife  Refuge,  King  almost  m  'he  centet  of  the  reservation.  and  Imperial  and  Cibola  Na¬ 
tional  Wildlife  Refuges,  stretching  about  mdes  ("2  km)  in  <  alifotma  and  Arizona  along  the  Colorado 

Riser  lust  svest  of  the  Ptosmg  (iiound.  I  he  refuges  are  not  routinely  used  m  Prosing  Ground  test  activities, 

although  limited  areas  of  the  Imperial  Reluge  ate  utilized  for  fording  tests,  and  the  KOI  A  refuge  mas  be  used 
for  scientific  research. 

The  area  constituting  >  ,1111.1  Prosing  Gtotmd  is  one  of  the  largest  uninhabited  aicas  of  the  United 

Slates,  consisting  of  (is  er  N?t). (XX)  acres  ( 350  ,(XX)  It  1  In  the  I  or  in  of  a  huge  "l : "  open  to  the  north,  its  os  crall 

extent  is  almost  *3  miles  rKS  km)  in  the  north -south  direction  and  ft  miles  (103  km)  cast -svest  The  scestern 
north  south  arm  s aries  from  13  to  14  miles  ( 1 4  10  30  km )  in  width,  the  eastern  arm  is  IK  miles  (24  km)  in  the 
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FIGURE  111-4  YUMA  PROVING  GROUND  AND  IMMEDIATE  VICINITY 
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im  the  Imperial  Dune-.,  or  lor  .cm  purposes  at  YPG  sirnpls  t lie  sand  dunes  or  sand  hills  They  occur  in  a  belt 
about  40  miles  long  (60  km)  and  '  to  6  miles  (5  io  km)  wide,  roughlv  paralleling  the  Southern  Pacific  Rail¬ 
way.44  and  thev  include  eviensise  areas  ot  sands  plains,  sand  hills,  and  a  variety  of  dune  formations,  with 
natural  sand  slopes  up  to  60  percent  tor  mobility  tests. In  the  central  and  southern  part  of  the  dune  area, 
some  slip  t a-  es  are  2(Xi  to  400  feet  1611  do  in)  high  and  overlook  large,  flat-floored,  sand-free  depressions  inter- 
preted  av  exposed  putts  o!  the  desert  floor  over  which  a  succession  of  barchans  is  advancing  "  A  7-mile  (1 1 
km)  marked  course  wa  -  used  bv  Y  Pt .  for  mobility  testing.  Although  this  natural  dune  area  has  been  under 
B1  M  administration  since  l^h.  the  Proving  Ground  car:  use  this  area  by  coordinating  with  that  agency. 

Climatic  characteristics  and  terrain  features  ot  4  uma  Piling  Ground  and  comparisons  of  them  with 
similar  measures  of  other  world  deserts  are  contained  >n  maio  publications,  and  some  are  suggested  as  refer¬ 
ences  tm  more  detailed  information  J'  ■*'  4|  ''  4  ,\s  a  hot  desert  test  center  for  Army  materiel,  the 

summer  environment  of  YPG  is  of  principal  interest,  although  summer  tests  have  extended  into  fall  for  test 
completion  because  of  a  late  start  or  interruption  during  a  test  Too,  if  desert  terrain  and  topography  are  of 
overriding  importance  to  tesi  objestives.  and  climatic  and  terrain  factors  are  not  synergistic,  tests  outside  the 
usual  desert  summer  climatic  conditions  may  satisis  test  requirements  Certainly,  military  operations  in  ex- 
tremelv  hot,  dry  deseri  regions,  such  as  the  I  thy  an  Pesert,  have  encountered  environmental  condnions  not 
usuallv  thought  of  as  characteristic  of  that  env  troninent. 

It  is  worthwhile,  therefore,  to  consider  the  total  annual  Yuma  climate,  characterized  by  long,  hot  sum¬ 
mers,  wide  diurnal  temperature  variation,  intense  solar  radiation,  low  relative  humidity,  high  visibility,  and 
scant  annual  precipitation.1'  Maximum,  minimum,  and  average  values  of  climatic  factors  at  Yuma  are  con¬ 
tained  in  Table  11-2.  It  is  useful,  however,  for  the  materiel  designer,  test  planner,  and  project  officer  to  be 
aware  of  diurnal,  seasonal,  and  annual  variations  and  in  some  cases  the  location  of  the  meteorological  station 
reporiing  daia  of  interest.  It  may  also  be  pertinent  to  know  the  frequency  of  occurrence  and  persistence  of 
environmental  phenomena. 

The  Yuma  Weather  Station  in  downtown  Yuma,  moved  to  Yuma  airport  in  1951,  was  the  sole  source  of 
meteorological  data  for  the  vicinity  prior  to  that  time  With  reactivation  of  Yuma  Test  Station  and  establish¬ 
ment  on  the  reservation  of  a  meteorological  station  by  the  ITS.  Arrnv  Signal  Corps,  observations  directly  on 
the  Proving  Ground  became  available.  Initially,  the  Signal  Corps  weather  station  was  located  in  the  main  post 
area,  but  in  1954  it  was  moved  to  (he  prevent  Mobility  C  omplex.  Several  studies  have  been  made  of  the  influ¬ 
ence  of  station  location  on  recorded  meteorological  data . -66  !  72  Some  are  concerned  with  correlations  be¬ 
tween  d;  :a  developed  by  the  U.S  Weather  Bureau  Station  at  Yuma  and  that  obtained  by  the  meteorological 
station  on  the  Proving  Ground  66  Others  are  concerned  with  correlation  between  observations  at  various  loca¬ 
tions  on  and  in  the  vicinity  of  the  Proving  Ground.  1-7:  Records  of  the  Yuma  Weather  Station  date  from  the 
early  1870's  and,  because  of  the  length  of  record,  provide  reliable  data  bases  for  determination  of  long-term 
maximums,  tninimums,  means,  durations,  etc.  Available  studies  do  not  differentiate  between  observations  at 
the  two  Yuma  weather  station  locations,  but  apparently,  consistency  and  correlations  are  satisfactory.  Re¬ 
search  Study  Report  PKR-16  compared  meteorological  records  at  Yuma  Test  Station  and  Yuma  Weather 
Bureau,  and  no  significant  differences  were  found  in  temperature,  precipitation,  winds,  relative  humidity,  or 
cloudiness.64  For  the  5  years  covered  by  that  study,  mean  monthly  temperatures  at  the  two  stations  differed 
by  only  23F  ( I .  I  °C)  maximum;  Yuma  Test  Station  averaged  0,55  inches  (1.4  cm)  more  precipitation  a  year 
than  the  Yuma  Weather  Bureau;  winds  were  2  to  5  mph  (35  km)  higher  at  the  Weather  Bureau  than  at  the  Test 
Station;  differences  in  mean  relative  humidity  were  slight.  The  Test  Station  experienced  slightly  fewer  clear 
and  partly  cloudy  days  than  the  Weather  Station.  The  study  concluded  that  differences  in  climatic  obser¬ 
vations  at  the  two  stations  did  not  appear  great  enough  to  necessitate  consideration  by  test  planners  and  that 
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conditions  within  a  testing  area  might  Jitter  more  than  those  observed  between  the  two  meteorological  sta¬ 
tions.'”''  A  series  of  climatic  analogs  for  V  I’ll  with  oilier  de'-eil  areas  of  the  world''  accordingly  used  the 
records  of  the  Yuma  Weather  Bureau  Meteorological  observations  at  disbursed  sites  in  and  around  the 
southwestern  segment  of  the  reservation  indicate  quite  close  uiformitv  for  maximum  summer  temperatures  at 
(fte  standard  height  above  ground  surface  Ambient  temperature  records  for  the  main  weather  station  on  the 
Proving  Ground  can.  accordingly,  be  toed  for  general  test  planning  purposes,  f  or  tests  in  which  significant 
factors  are  an  temperatures  at  other  than  standard  heights  above  ground  surface,  at  or  below  ground  surface, 
wind,  dew  point,  relative  humidity,  insolation,  etc.,  the  particular  site  to  be  used  should  be  investigated  in 
detail  beforehand  and  piovisio  is  made  to  measure  those  factors  during  the  test  period.  Some  of  the  climatic 
factors  of  interest  to  the  test  planner  and  characteristics  of  those  factors  at  Yuma  Proving  Ground  are  out¬ 
lined  in  the  following  sections. 

D.  YUMA  ENVIRONMENT 

1.  Climate 

a.  Temperature  s 

tl)  Ambient 

An  absolute  maximum  of  I-.*  1  (50.6  C)  was  tecorded  at  Yuma  in  September  1950, 
measured  at  the  original  weather  -nation  location  in  downtown  Yuma.  Mote  useful  than  this  statistic,  how¬ 
ever.  are  other  temperature  characteristics  of  the  area,  such  as  the  calendar  periods  of  occurrence  of  specific 
temperature  levels,  frequency  of  occurrence  within  those  periods,  hourly  duration,  etc.  Some  of  these  phe¬ 
nomena  are  indicated  in  Figure  111-5.  which  is  based  on  temperature  records  dating  from  about  1910.  The 
curve  for  mean  maximum  shows  temperatures  of  KKb  1  (38  C)  or  higher  for  each  month  from  June  through 
September  and  95  "  F  (35°0  or  higher  for  a  slightly  longer  period  beginning  in  May  The  hottest  month  of  the 
year  is  July,  for  which  a  mean  maximum  of  approximately  lOb'F  (41  C)  is  indicated.  The  curves  of  mean, 
mean  minimum,  and  absolute  minimum  are  useful  in  the  planning  of  tests  in  cooler  weather  or  for  those  con¬ 
ducted  over  extended  periods,  such  as  static  exposure.  Figure  111-6  consists  of  two  curves  illustrating  the  fre¬ 
quency  of  occurrence  of  daily  maximum  and  minimum  temperatures  for  the  month  of  July.  It  shows,  as  an 
example,  that  temperatures  of  KXFF  (38  O  or  higher  can  be  expected  on  29.9  days  of  that  month.  Data  for 
these  curves  is  from  an  analysis  of  25  years  of  weather  records,  which  developed  similar  curves  for  the  occur¬ 
rence  of  extreme  temperatures  for  each  month  of  the  year.  1  hose  curves  arc  available  in  the  same  document. ■’* 
Somewhat  similar  data  in  possibly  a  more  convenient  form  is  presented  in  Figure  III-7,  covering  the  7  hottei 
months  of  the  year  for  5  years  and  showing  occurrence  of  temperatures  of  95°F  (35CC),  I00  F  (38’C  ),  and 
105  1  (41  O  during  each  month  and  diurnal  time  and  number  of  days  of  occurrence.  Confirming  the 
previous  illustration,  this  chart  shows  100  ’F  (38  G)  or  higher  temperatures  occurring  on  30  days  during  July 
(in  a  later  time  frame  than  the  previous  example).  In  showing  time  of  occurrence  of  I05°F  (41 CC)  or  higher 
Irom  1345  to  1 745  hours  in  June  and  July,  it  is  also  in  general  agreement  with  an  illustration.  Figure  111-8. 
from  still  another  study  by  L  lewelyn.''  T  his  figure  is  a  simplified  presentation  of  the  occurrence  of  maximum 
temperatures  for  2  days  only,  one  in  June  and  one  in  July,  out  of  a  total  of  97  days  considered  in  the  entire 
analysis.  From  the  curve  of  air  temperatures,  it  can  be  seen  that  maximum  levels  (in  these  cases  about  1 10° F 
(43°C)  or  higher)  occur  between  about  1 4(X)  and  1800  hours.  The  set  of  curves  shown,  including  dew  point 
and  humidity  for  each  maximum  temperature  point,  was  developed  from  an  investigation  of  climatological 
conditions  favoring  occurrence  of  higli  temperature  at  the  Proving  Ground  and  provides  important  informa¬ 
tion  concerning  the  high  temperature  environment,  of  use  to  designers  and  test  planners.  Its  consideration  of 
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TIME  (HOURS' 

FIGURE  111-8.  AIR  TEMPERATURE,  DEW  POU  T,  AND  RELATIVE  HUMIDITY  REGIMES 

19  JULY  1961  AND  25  JUNE  1962 


I  the  occurrence  of  high  temperatures,  applicable  not  only  to  Yuma  but  also  to  other  desert  areas  as  a  result  of 

influences  of  environmental  factors,  shows  relationships  between  each,  plus  supplemental  information  con¬ 
sistent  with  the  purposes  of  this  discussion.  Basic  data  used  in  the  study  is  identified  only  as  ‘‘meteorological 
data  taken  at  the  Army  desert  test  station  near  Yuma,  Arizona,"  and  this  study  is  limited  to  presenting  the 
analysis  of  data  observed  during  days  with  ‘‘afternoon  temperatures  ...  of  105°F  (41  °C)  or  higher.  Ninety- 
seven  such  days  occurring  during  the  warmer  months  of  1961,  1962  and  1963  are  used  in  this  study."  Af¬ 
ternoon  temperatures  are  defined  as  the  average  of  the  hourly  shelter  (weather  station  shelter)  maximum  tem¬ 
peratures  for  a  5-hour  span.  The  5-hour  span  encompasses,  essentially,  all  of  the  comparatively  flat  top  of  the 
i  diurnal  temperature  curve  which  occurs,  with  few  exceptions,  within  the  hours  1400  to  1800.  The  hourly  dura¬ 

tion  of  ambient  temperatures  is  indicated  somewhat  differently  in  Figure  111-9,  based  on  temperatures  ob¬ 
served  in  July  and  August  1 956, 71  a  summer  microclimate  study.  In  this  figure,  mean  hourly  temperatures  are 
shown  for  various  heights  above  and  below  ground  surface,  as  well  as  at  the  200  cm  (79  in.)  level.  At  that 
j  level,  mean  temperatures  of  100°F  (38°C)  and  higher  occur  from  about  1300  to  1800  hours.  The  data  upon 
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which  the  isotherms  aie  bated  were  recorded  a!  '  Sandy  Plaint",  one  of  ihree  Miet  specifically  instrumented 
for  summer  niieroelmiaie  studs .  I  he  site  it  genciuiiy  represeru.itise  of  those  most  used  m  many  tests;  the  data 
is,  accordingly,  applicable  with  some  confidence  to  other  similar  test  sites  and  areas,  although  its  use  should 
be  tempered  by  awareness  that  the  data  were  obtained  during  the  hottest  months  of  the  year  at  Yuma.  In  I  ig- 
ure  111-10,  temperature  profiles  at  three  observation  sites,  including  "Sands  Plains",  are  plotted  ."  Tempera¬ 
tures  at  the  200  cm  (79  in.)  level  vary  by  a  maximum  of  only  2  degrees  (1.1  t)  among  the  three  sites,  suggest¬ 
ing  confirmation  of  other  findings  of  uniformity  of  ambient  temperatures  at  various  test  sites  They  were  ob¬ 
served  under  selected  conditions  of  maximum  ground  surface  temperature,  however,  and  do  not  indicate 
possible  influences  of  such  factors  a>  site  elevation  and  w;nj  speed  and  direction  at  each  site. 

Temperatures  below  200  cm  (79  in.)  — Figure  111-9,  referenced  in  the  preceding  par¬ 
agraph,  presents  composite  isotherms  for  the  months  ol  Jtiiv  and  August  for  the  "Sandy  Plains"  site  Tem¬ 
peratures  wete  measured  at  2.5.  7.5,  25,  50.  1(H),  and  200  cm  (I,  3,  1(1,  20,  39,  79  in.)  above  ground  surface. 
As  might  be  expected,  temperatures  from  just  above  the  surface  to  the  200  cm  (79  in.)  level  are  relatively-  uni¬ 
form,  about  H0° F  (27JC),  during  early  morning  hours  of  darkness,  but  beginning  at  about  sunrise,  tempera¬ 
tures  above  the  7,5  cm  (3  in.)  level  begin  to  lag  progressively  behind  those  at  and  just  above  the  surface,  reach¬ 
ing  a  maximum  at  about  1530  hours  At  that  tunc,  the  temperature  is  I30"F  ( 5 4 0 C' )  just  above  the  ground 
surface,  106°F(4!  O)  at  16  in.  (40  cm).  and  100  I  (38  O  at  200cm  (79  in  ).  In  Figure  III- 10,  temperature 
profiles  from  ground  surface  to  700  cm  ("’9  in  )  show  temperatures  at  2.5  cm  1 1  in  )  above  the  surface  lagging 
ground  surface  temperatures  by  about  d 5  F  (14  C>  At  the  100  cm  (39  in.)  level,  temperatures  are  only  slight iy 
higher  than  at  200  cm  (“9  in.  >  Similar  data  is  present!  d  in  Figuic  1)1-1  i  for  the  same  location  during  January 
and  February  (1957  only).  :  During  the  period  represented,  air  temperatures  item  just  above  the  surface  to 
the  200  cm  (79  in.)  height  are  uniformly  around  50  I  i  It)  i  )  fioni  midnight  until  about  0830  hours.  At  that 
time,  temperatures  near  the  surface  begin  to  rise,  reaching  a  maximum  of  about  80;F  (44°C)  until  about  1500 
hours,  when  they  begin  lo  decrease  steadily  to  50  to  52  F  (10  to  II  C  )  near  midnight.  Air  temperatures 


averages  at  three  sites  when  surface  temperature 

was  GREATER  than  I29’F,  JULY  AND  AUGUST  1956 


FIGURE  III  10.  TEMPERATURE  GRADIENTS  DURING  PERIOD  OF  STRONG  INCOMING 
RADIATION  AT  YUMA  TEST  STATION 
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MEAN  HOURLY  TEMPERATURE  PROFILES  FOR  SANDY  PLAINS  SITE.  YUMA.  ARIZONA 

(January  &  February  1957) 

50  50  55  80  85  65  80  55 


STANDARD  TIME 

FIGURE  III  11.  MEAN  HOURLY  TEMPERATURE  PROFILES  FOR  SANDY  PLAINS  SITE,  YUMA, 

ARIZONA 


90 


between  1030  and  1630  hours  are  differentially  lower  with  increasing  distance  abuse  the  ground  surface, 
reaching  a  maximum  of  65  b  ( 18  O  at  200  cm  (79  in.)  between  1230  and  1630  hours,  brom  1 800  hours  until 
midnight,  temperatures  are  uniform  from  just  abose  ground  surface  to  79  in.  (200  cm)  above. 


(2)  Soil  and  Sui  face  temperatures 

Soil  temperatures  at  several  meteorological  sites  on  the  Proving  Croud  have  been  mea¬ 
sured  and  studied,  but  findings  are  much  less  comprehensive  than  for  atmospheric  studies.  The  summer 
microclimate  study  found  an  absolute  maximum  surface  temperature  of  150’F-  (66  C)  and  mean  maximum 
temperature  of  about  1  38  (■  occurring  at  1430  hour'.  Surface  temperatures  reach  1 30  F  (59°C  1  at  about  12(8) 
hours  and  remain  at  that  level  or  shghtlv  higher  until  about  1500  hours.  A  minimum  surface  temperature  of 
about  80  1  (27" C)  occurs  from  about  0330  to  0530  hours  (Figure  111-9).  The  absolute  minimum  surface  tem¬ 
perature  is  62°F  (17  C),  which  is  also  the  minimum  at  2.5  cm  (1  in.)  and  7.5  cm  (3  in.)  below  the  surface.  A 
later  study'’  of  1961,  1962.  and  1963  summer  data  found  a  maximum  soil  surface  temperature  of  155  F 
(69 'C)  when  air  temperature  was  1 10  I-  (43  C)  Of  9”  measurements  in  that  study.  3  percent  of  the  surface 
temperatures  were  between  I  50  t  |66  C)  and  155  1  (68  C  )  when  air  temperatures  were  108"  1-  to  1 10  b  (42 
to  43  0.  and  78  percent  were  between  1  3 8  1  (59  O  and  1 5(T  F  (66  C")  when  ambient  temperatures  were  from 
105  T  to  115  1  (4()  to  46  O.  Both  maximum  and  minimum  subsurface  temperatures  lag  behind  surface  tern 
peratures.  In  the  summer  microclimate  study,  the  highest  mean  hourly  (ernerature  at  the  surface  ocsuned  .it 
1430  hours,  the  highest  mean  at  a  depth  of  25  cm  below  the  surface  ( 10  in.  1  at  2230  hours,  8  hours  later .  Simi¬ 
larly.  the  lowest  mean  surface  temperature  occurred  at  0530  hours,  the  lowest  mean  at  25  cm  depth  at  1230 
hours,  or  7  hours  later. 


The  winter  microclimate  study  in  January  and  February  J957'4  found  absolute  maxi¬ 
mum  surface  temperatures  of  about  1 10.5" F  (43.6  C)  and  mean  maximum  temperatures  of  84  F  (29  O  os 
curring  at  about  1 400  hours.  Maximum  surface  temperatures  reached  80' F  (270O  at  about  1230  hours  and 
remained  at  that  lex  el  or  slightly  higher  until  about  1530  hours.  Minimum  surface  temperatures  of  about  Mi  t 
(10  C  1  occurred  from  abou(  0230  to  0800  hours  (Figure  111-11 )  The  absolute  minimum  surface  temperature 
was  29.5  "b  (1.4  C). 


Comparison  of  the  summer  and  winter  microclimate  data  show  that  maximum  surface 
temperatures  occur  at  about  the  same  time  of  the  day,  with  mean  summer  temperature  being  about  138  1 
( 59'  C),  mean  winter  84  F  <29"C).  or  roughly  50CF  (28  C)  lower.  Summer  and  winter  minimum  surface  tern 
peratures  also  occur  at  about  the  same  time  of  day,  summer  mean  minimum  about  80CF  ( 27 0 C').  winter  about 
50  b  (K)'C')  for  a  difference  of  only  30cF(f7  O. 


(3)  Sand  Dune s 

Air  temperatures  in  the  sand  dune  area  are  slightly  higher  (2-3'F;  1-2  C)  than  those  on 
most  of  the  Proving  Ground  during  hours  of  darkness,  and  slightly  lower  (2-4  F;  11  -2.2  C)  during  daylight 
hours.  Soil  temperatures  follow  the  same  pattern,  at  1  inch  below  the  surface  being  10  to  12  1  (6  to  7  o 
higher  during  nighttime  and  as  much  as  14  b  (8'C)  lower  at  about  noon  The  Handbook  of  Yuma  Fnviron 
ment’*  reports  a  1952  study  of  air  and  soil  temperatures  at  12  weather  observation  sites  on  the  Proving 
Ground  and  areas  off  it  used  for  testing,  including  the  Sand  Dunes.  Average  data  arc  presented  in  tabular 
form  in  Table  111  - 1  and  in  the  curves  of  figure  11112. 
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TABLE  III  1  COMPARISON  OF  TEMPERATURE  VARIATIONS  BETWEEN  SAND  DUNES  AND 

MOBILITY  COMPLEX 


Jemperafures  f,  a?  Time.  Hr s 
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FIGURE  MM2.  COMPARISON  OF  SUBSIDIARY  CLIMATIC  STATIONS,  YUMA  TEST  AREA 
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neat  ii'  surface  and  al  IX(K)  ft  (<<(>  in)  Above  IXOO  It  (550  ml,  temperature'  decrease  consistently  with  in 
creasing  altitude  During  the  months  of  April  through  September,  temperatures  folios*,  this  pattern  near  the 
ground  to  1X00  ft  (550  nr).  During  the  months  of  October  through  December,  however,  temperatures  are 
slightly  higher  at  1800  ft  than  at  its  surface  Another  aspect  of  interest  is  a  slight  shift  in  maximum  annual 
temperature'  with  mciease  in  altitude.  Near  the  surface,  maximum  temperature  occurs  in  July  with  increasing 
altitude,  however,  occurrence  ol  maximum  temperature  shifts  slightly  toward  August  until  at  2^,000  to 
50,000  ft  t'tvOO  dOOO  tn  I  temperatures  in  these  two  months  become  equal 

h  /riso/anon 


1  ike  most  arid  areas,  YPG  has  a  low  incidence  of  cloud  cover,  and  receive'  almost  the  maxi 
mum  possible  sunshine  and  insolation  Mean  annual  cloud  cover  from  sunrise  to  sunset  is  0.25,  much  of  the 
cloud  cover  consisting  of  thin  alto  cumulus,  alto-stratus,  or  cirrus  clouds  that  intercept  only  a  small  part  of 
the  incoming  solar  radiation.'*''  Maximum  cloud  cover  occurs  during  December  through  March,  minimum 
during  June  and  September  As  ,an  he  seen  from  the  lower  v  urve  of  figure  II  I  - 1  5,  mean  annual  cloud  cov  er  is 
not  exceeded  from  about  April  through  November,  with  mmimums  in  June  and  September  and  intermediate 

U  S  WEATHER  BUREAU  AIRPORT  STATION.  YUMA,  ARIZONA 


FIGURE  11113.  COMPARISON  OF  SUNSHINE  AND  CLOUD  COVER 
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h  1 1;!!'*  in  J  ul\  and  Anvils:  I  lie  amount  o  I  pi  ism  Me  sunshine  received  during  ihe  sear  is  high,  averaging  9 *  per 
sent  A  mavimum  ot  97  pe,  .s  .it  01  Ingliet  is  received  during  May .  June,  and  September  (upper  curve  of  I  igure 
III  1  ').  and  all  months  except  December  receive  at  least  90  percent  of  possible  maximum  insolation. Daily 
values  of  insolation  received  at  Yl’ti  for  the  vear.  with  points  t'f  daily  extraterrestrial  insolation  bv  half 
months  ate  shown  in  I -igure  III  14  ’’  I  ach  dot  represents  the  total  dailv  insolation  received  for  cash  duv  id 
record,  indicating  the  general  trend  and  showing  the  scatter  in  values  at  various  times  of  the  year.  lor  exam 
pie.  the  concentration  of  dots  around  750  ly  (Langleys)  in  May  and  June  indicate  consistency  in  insolation 
received,  which  is  fur'her  exemplified  by  the  limited  exceptions  below  the  mean  in  those  months,  none  below 
500  lv  in  May  and  only  lour  in  June.  Mean  dailv  radiation  curves  are  presented  in  b igure  111-15  for  the  months 
of  May  through  September.  1952. and  indicate  that  peak  insolation  values  occur  between  12(X)  and  IJtxt 
hours  in  June,  slightly  less  m  May,  and  progressively  less  in  July  through  September.  Rough  integration  of 
insolation  tor  J une  over  the  time  06(R)  to  1 900  hours  totals  about  8 JO  ly ,  which  falls  within  the  data  for  1952- 
1962  shown  in  f  igure  111-14  In  the  earlier  discussion  of  soil  temperatures,  the  lag  in  air  temperatures  behind 
soil  surface  temperatures  during  daylight  hours  is  pointed  out.  It  is  of  interest,  also,  to  relate  these  phenom¬ 
ena  to  insolation.  In  f  igure  1 1 1-9,  the  time  of  minimum  air  temperature  at  2(X)  cm  (79  in  )  is  about  05  JO.  Mini¬ 
mum  surface  temperature  at  zero  depth  is  a  minimum  from  about  0200  to  0 7(K).  At  about  2.5  cm  ( 1  in. )  depth, 
minimum  soil  temperature  occurs  at  about  <I6(X)  !  he  curves  of  Figure  111-15  are  approaching  minimum  at 
0600,  die  minimum  abscissa,  but  by  observation  would  be  minimum  for  some  period  before  0530,  indicating 
that  insolation  would  be  rising  before  minimum  an  and  ground  temperatures.  Air  temperature  becomes  max 
mum  at  approximately  I5J0  hours,  maximum  surface  temperature  at  zero  depth  about  I  350,  at  about  2  5  cm 
(I  in.)  depth  at  I  350  to  about  1550.  Insolation  reaches  maximum  between  1200  and  1 300  hours.  Accord  mglv . 
the  views  that  air  temperatuie  lags  ground  temperature,  and  ground  temperature  lags  insolation  are  con 
fumed  by  these  data 

c.  Wind 


Surface  winds  are  generally  light  throughout  the  year,  ranging  from  4-12  mph  (6-19  kph)  ’5 
percent  of  the  time,  although  in  August  1959,  wind  speed  of  92  mph  during  a  passing  thunderstorm  was  re¬ 
corded.  Monthly  mean  wind  speeds  are  highest,  9  2  to  9  8  mph  (14.8  to  15.8  kph),  from  March  through 
Yugust.  During  the  remainder  of  the  year .  they  range  t rom  a  minimum  of  7.6  mph  (12.2  kph)  in  October  to  a 
maximum  of  8  8  mph  (14.2  kph)  in  December  and  February  (see  Figure  111-16).  Gusts  averaging  16-P  mph 
(26-27  kph)  occur  during  September  through  February  and  21-22  mph  (34-3?  kph)  during  March  through 
August.  Strong  winds  may  begin  at  any  time  of  the  dav  and  may  persist  for  24  hours  or  longer.  The  strongest 
gust  recorded  at  the  Central  Meteorological  Station  was  71  mph  (1 14  mph)  on  20  March  1970.  Gusts  of  50 
mph  (80  kph)  or  higher  occurred  in  five  months  during  the  20-year  period  1954-1973,  always  accompanied  by 
considerable  blowing  dust.  During  nighttime  hours,  fiom  1800  to 0700,  wind  speed  is  1-2  mph  (2-3  kph).  pick 
mg  up  rapidly  to  5-7  mph  (8  11  kph)  after  sunrise  and  remaining  at  approximately  that  level  during  the  day.4'' 
I  hese  generalities  apply  to  plains  areas  of  lower  elevation  (about  4(X>  ft)  such  as  the  Mobility  Complex.  In  the 
"mountains",  as  exemplified  by  the  North  I  aguna  Mountains,  wind  speeds  fluctuate  similarly  during  July 
and  August,  but  from  about  5  mph  (8  kph)  to  I  3  mph  (21  kph)  During  January  and  February  ,  however,  they 
remain  relatively  constant  at  6-8  mph  (10-1 3  kph)  throughout  the  day  and  night 

During  late  winter  and  early  spring,  prevailing  winds  are  from  the  north;  strong  gusty  winds 
from  the  north  and  northwest  may  occur  at  any  time  of  the  day  and  may  persist  for  24  hours  or  longer  Dur¬ 
ing  the  summer  months,  prevailing  winds  are  from  the  southwest.  Numerous  small  mountains  and  vallcvs 
mav  affect  local  wind  directions 
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YUMA  TEST  STATION,  1952-1962 


FIGURE  III  14  DAILY  VALUES  OF  INSOLATION 


MEAN  DAILY  RADIATION  CURVES 
YUMA  TEST  STATION,  1952 


A  u  G  U  S  T  SEP  TEMBER 


DATA  ARE  FOR  SOLAR  RADIATION  MEASURED  ON  A  HORIZONTAL  SURFACE  BY  AN  EPPLEY  P YRHELIOMETER 
To  compute  th«  overogt  t o 1 0 1  for  ony  hour,  multiply  tht  mid-point  by  60 
"One  Longi^yz  igm  coi  /  cm2 

FIGURE  111-15.  MEAN  DAILY  RADIATION  CURVES 
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FIGURE  111-16  SURFACE  WINDS  -  PERCENTAGE  FREQUENCY  OF  OCCURRENCE  BY 
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d  Sand  and  Dust 


Official  records  for  YPG  document  airborne  sand  and  dust  principally  in  terms  of  visibility 
distances  and  airborne  particle  density  at  standard  meteorological  height."  Particle  si/e  and  petrographic 
analysis  of  soil  samples  Pom  specific  ateas  suggest  probable  characteristics  of  the  particulate  matter  vshen 
sand  or  dust  storms  are  encountered.  Because  of  soil  and  vsmd  sanables  at  diverse  locations  on  the  Prosing 
Ground,  occurrence  of  blowing  sand  or  dust  and  nature  of  airborne  par'icles  also  var>  According  to 
Bagnold,  ’  wind  velocity  of  1 1  mph  ( 18  kph)  at  10  cm  (4  in.)  above  the  surface  is  just  strong  enough  to  set  in 
motion  grains  of  sand  on  the  ground.  Clements,  et  al."  observes  "Winds  in  excess  of  30  miles  per  hour  are 
required  to  create  sand  and  dust  storms  in  the  desert  in  all  areas  except  for  regions  in  the  lee  of  sand  dunes  and 
sandy  areas  .  .  .  W  inds  whose  velocity  is  greater  than  30  miles  per  hour  ate  rare,  and  as  a  consequence  sand 
and  dust  storms  during  the  course  of  a  yeai  are  not  common  events.  The  frequency  of  strong  w  indstorms  in 
the  United  States  desert  area  is  certainly  not  more  than  three  or  four  a  vear."  Occurrences  of  gusts  above  50 
mph  related  in  the  preceding  section  indicate  that  significant  occurrences  of  blowing  sand  and  dust  are  rela¬ 
tively  infrequent  on  the  Proving  Ground.  Tables  III-3,  III-4,  and  111  5,  pertaining  to  atmospheric  visibility 
and  particle  density,  may  be  similarly  interpreted.  Unofficially.  YPG  experiences  three  to  four  dust  storms 
per  year:  amounts  of  sand  on  the  Proving  Ground  are  insufficient  for  sand  storms  to  be  of  consequence.  In 
general,  however,  tests  disturbing  ground  surface  dust  are  a  more  likelv  cause  of  airborne  dust  than  natural 
causes  (Tigure  111  l7). 

c  Relatnc  Humidity  and  f)eu  I'omt 

M  can  monthly  dew  point  temperatures  are  pictured  in  f  igure  111  18.  mean  monthly  early 
morning  and  late  afternoon  relative  humidities  in  Figure  111-19.  Diurnal  dew  point  and  humiditv  data  for  two 
summer  days  are  represented  in  figure  1 1 1  -  8 .  Dew  point  is  lowest  during  winter  months,  ranging  from  32’  to 
3v’f  (0  2  C  ).  increasing  progressively  until  June  when  it  begins  an  abrupt  rise,  reaching  a  maximum  of  64°  F 
(18  '(  )  in  August.  Thereafter,  it  falls  steadily  and  rapidly,  reaching  minimum  again  in  November  and  winter 
months  following.  Relative  humidity  at  0530  hours  (Figure  111  19)  reflects  the  abrupt  rise  in  atmospheric 
moisture  during  June  through  August  and  its  decline  in  following  months  until  November.  A  maximum  of  85 
percent  is  reached  in  August  anti  a  low  of  52  percent  in  November,  ranging  around  55  percent  from  December 
through  June.  The  lower  curve,  showing  mean  relative  humidities  at  1 7 30  hours  from  about  15  percent  in  May 
and  June  to  36  percent  in  December,  represents  Yuma's,  and  other  deserts,  characteristically  low  relative  hu¬ 
midity.  Data  for  f  igure  111-8  (ambient  temperatures  section)  were  selected  from  three  years'  meteorological 
observations.  They  were  selected  as  days  of  maximum  and  minimum  atmospheric  moisture  with  similar  air 
temperature  profiles.  As  such  they  may  be  considered  roughly  representative  for  the  months  of  June  and  July, 
but  not  absolute  nor  mean  maximum  or  minimum  Viewed  from  this  standpoint,  the  dew  point  on  the  day  of 
high  atmospheric  moisture  ranged  generally  downward  during  the  day  from  about  65  °f  (IS" C)  at  0100  hours 
to  about  50“  F  at  2400  hours,  with  excursions  upward  and  downward  from  that  trend.  On  the  day  of  low  at¬ 
mospheric  humidity,  the  dew  point  ranged  from  about  25"F  (-4"C)  to  2D’f  (-6°C)  between  0100  and  2100 
hours,  with  a  high  of  34'F  ( I  "O  between  040 0  and  0800  hours  and  anothci  of  about  50" F  (10  (')  from  2200 
to  2400  hours.  Relative  humidity  for  the  same  day  followed  the  dew  point  pattern,  varying  from  about  9  per 
cent  at  0100  hours  to  4  percent  at  2I(X)  hours,  with  an  upward  excursion  between  0100  and  HXX)  hours,  reach 
ing  a  maximum  of  17  percent  at  about  0600  A  second  high  of  about  30  percent  occurred  from  22<X)  to  24(X) 
hours.  The  sharp  increases  in  both  dew  point  and  relative  humidity  at  this  time  arc  attributed  to  advection  of 
moist  air  from  the  Gulf  of  C  alifornia  as  a  small,  closed  low-pressure  area  developed  over  Yuma 
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TABLE  III  3  MEAN  WEEKLY  DUST  COUNT  FOR  SPECIFIED  HOURS,  YUMA  TEST  STATION. 

YUMA,  ARIZONA 


Week 

Hour 

0800 

1200 

1600 

2400 

1  July  5  July 

‘.>46 

/16 

764 

696 

6  July  12  Julv 

660 

680 

666 

489 

13  July  19  July 

410 

538 

471 

608 

20  July  26  July 

510 

729 

677 

697 

27  Jufy  2  Aug 

654 

817 

871 

859 

3  Aug  9  Aug 

767 

1083 

929 

657 

10  Aug  16  Aug 

649 

773 

910 

676 

17  Aug  23  Aug 

482 

736 

697 

713 

24  Aug  30  Aug 

473 

73b 

778 

557 

31  Aug  6  Sept 

615 

682 

777 

447 

7  Sept  13  Sept 

829 

753 

944 

953 

14  Sept  20  Sept 

791 

907 

696 

790 

21  Sept  27  Sept 

606 

698 

670 

576 

28  Sept  -  3  Oct 

636 

644 

734 

536 

Average  for  Period 

594 

749 

_ _ 

755 

...  654  . 

’Data  obtained  from  the  Signal  Corps  Weather  Station  (Bldg  822).  Yuma  Test  Station 
Samples  of  air  vvere  collected  at  a  height  o*  2  meters  from  the  ground  Amounts  are  num 
ber  of  particles  (in  thousands)  per  cubic  foot  of  an 


TABLE  111-4.  VISIBILITY,  YUMA,  ARIZONA 


Visibility 

Jan 

Feb 

Mar  |  Apr  1  May 

’  Juf’  j 

♦  -  -  -L 

. 7"  "  ‘ 

Ju'  j  Aug 

Sep 

Oct 

Nov 

Dec 

F-  ■  J 

Oiol  8 

0 1 

0  2 

r  ^ 

0  0  '  0  1 

0  0 

1 

0  0  1  01 

0  1 

00 

<  0  1  1 

0  to  1/4 

0  2 

0.2 

0  1 

0  0,  01 

0  0 

0  0  !  02 

■ 

0  2 

0  o 

!  0  4, 

0  to  1  2 

02 

0  3 

03 

0  1  !  0  2 

0  1  j 

011  02 

0  3 

0 1 

0  6  | 

0  to  3  4 

0  2 

0  3 

0  3 

0  2  0  2 

0  1  1 

cv 

0 

0 

• 

03 

0  2 

06 

0 lo  2  1/4 

0  7 

0  4 

0  7 

0  7  !  U  5 

1  0  7  i 

0  4  0  3 

0 1 

04 

0  3 

0  9  ! 

0  to  2  1 '2 

0  7 

0.5 

0  1 

0  7  0  5 

0  2 

0  4  0  3 

0 1 

0  4 

0.3 

0  9  | 

0  to  6 

1 9 

1  2 

1  6 

2  2  1.3 

0  5; 

d  8  j  0  8 

0  3 

0  7 

0.8 

1  6  , 

0  to  9 

26 

2 1 

2  2 

26  |  17 

1  y  1 

13  1  14 

0  5 

10 

1 2 

2  2 

10  and  Over 

97  4 

97  9 

97  S 

97  4  98  3 

1  98  9  i 

98  7  1  98.6 

_ 1 _ 

99  5 

99.0 

98  8 

i  97  8  I 

•Indicates  less  than  1  2  of  1  10  percent 

The  climatic  data  presented  in  the  above  table  were  obtained  trom  the  Air  Weather  Service.  USAF 
All  data  were  machine  computed  and  are  subject  to  small  rounding  errors 


TABLE  111-5.  OBSTRUCTIONS  TO  VISION  (VISIBILITY  <  I  MILE)  YUMA,  ARIZONA 


Obstructions  to 

Vision 

Jan 

Feb 

Mar 

Apr 

May 

.....  . 

Jun 

Ju! 

Aug 

Sep 

_ ^ 

Oct 

Nov 

Dec 

Fog 

0 1 

02 

0  0 

0  0 

0  0 

0  0 

0  0 

00 

0  0 

r  •  - 

0  0 

0  0 

0  4 

Smoke  and  Haze 

0  0 

0  0 

0  0 

0  0 

0  0 

00 

0  0 

0  0 

00 

0  0 

0  0 

0  0 

Blowing  Snow  and  Dust 

01 

0 1 

02 

0  2 

02 

* 

• 

0  1 

• 

03 

01 

02 

Precipitation  and  Drizzle 

0.0 

00 

0  0 

00 

• 

00 

0  0 

0  0 

0  0 

0.0 

0  0 

0  0 

Cause  Unknown 

• 

0  0 

01 

0  0 

0  0 

0  0 

0  0 

• 

0  1 

0  1 

Total 

0  2 

0  3 

0  3 

0  2 

0  2 

• 

0  1 

-  .  —I 

0  2 

_ 

• 

0  3 

0  2 

.  .  . 

0  7 

•Indicates  less  than  1/2  of  1  10  percent 

The  climatic  data  presented  in  the  above  table  were  obtained  from  the  Air  Weather  Service  USAF 
All  data  were  machine  computed  and  are  subiect  to  small  rounding  errors 
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Dawpoint  tamparotura  dotawara  obloinad  from  U.S.  Wagfhar 
Buraou  Monthly  Climotologicol  Summary  with  Comparotiva  Ooto 
(Jonuory  through  Oaeambar  1948)  for  Yuma ,  Arizona.  Langth  of 
raeord  wot  not  indlcotad. 


FIGURE  111-18.  MEAN  DEW  POINT  TEMPERATURE 


MEAN  RELATIVE  HUMIDITY  AT  SPECIFIED  HOURS 
YUMA,  ARIZONA 

(Length  of  record  25  yeors) 


I'rccipil.tiuw 


!o  some  extent,  1  rewartha’s  statement  concerning  desert  precipitation  is  applicable  to 
Yuma:  "it  is  a  general  rule,  vcorthy  of  memorization,  that  dependability  of  precipitation  usually  decreases 
with  dccie.ismg  amount  \  tuna’s  annual  lamtali  averages  I  '8  in  (8.59  cm),  vet  duimg  1906  and  1906, 
lamfall  m  the  Colorado  and  Cola  Rivet  watersheds  caused  the  C  olorado  to  overflow  into  the  Saltern  I  rtiugh 
and  testablish  the  Salton  boa.  During  a  period  of  almost  CO  years,  records  of  mean  frequency  of  thunder¬ 
storms  at  3  utna  show  none  trom  November  through  June,  one  day  m  October,  two  days  in  September,  three 
in  I  ulv  and  four  in  August.”1  Before  construe  non  of  Interstate  Highway  X,  on  one  occasion  thunderstorms, 
on  two  successive  slave  in  August,  washed  out  approaches  to  a  bridge  on  U.S  Highway  80  between  Gila  Bend 
and  V  uma  over  what  was  normally  a  dry  wash.  In  contrast,  every  month  of  the  year,  in  almost  30  years,  has 
expet  lenced  no  measurable  rainfall. >!>  ligute  111-20  mows  minimum,  mean,  and  maximum  rainfall  for  each 
month,  plus  the  greatest  precipitation  in  24  hours  and  illustrates  the  extremely  low  rainfall  during  April 
through  July  table  111  b  shows  the  frequency  of  ocemrence  of  rainfall  from  zero  to  2.5  in.  (6.4  mm)  as 
recorded  over  a  25-yeai  period  Mav  and  June  stand  out  as  the  driest  months,  with  about  98  percent  of  the 
days  m  that  time  having  experienced  no  rainfall.  In  Mac,  only  4  daw  experienced  more  than  a  trace  of  rain, 
the  greatest  precipitation  being  less  than  0.25  inches.  In  June.  3  days  experienced  more  than  a  trace,  the  high- 
est  lamtali  being  less  than  '•  10  in  <2.5  mm)  on  each  of  t fie  two  days 

e.  <  Vo/ie 

During  the  euro  I950N,  Yuma  was  considered  to  be  one  of  the  areas  of  high  ozone  concen¬ 
tration  in  t fie  continental  l  lined  States  and.  hence,  a  candidate  area  for  static  tests  of  ozone  effects  on  natural 
and  synthetic  elastomers  In  the  federal  government  synthetic  rubber  program  at  that  time,  "ozone  crack¬ 
ing"  in  tire  sidewalls  was  oi  some  concern,  as  was  possible  deteiioration  of  military  tires  in  storage,  from  ef¬ 
fects  of  ozone.  Since  then,  studies  of  atmospheric  ozone  and  its  effects  at  ground  level  have  indicated  negli- 
gmle  effects  on  the  unstressed  elastomers  I  sir  sutler  purposes.  however.  current  levels  of  ozone  concentration 
uie  of  interest.  As  of  1977,  (),e  atmospheric  concentration  measured  at  the  C  tty  of  Yuma  Monitoring  Station 
was  It)  gig  m'  I  hr  maximum.  I  PA  primary  and  secondary  standard'  are  160  qg  mV  Because  of  the  large 
expanse  of  the  Proving  Ground  ozone  concentration  may  v.uv  from  site  to  site  and  may  differ  from  that  at 
i he  monitoring  station  m  3  uma.  I  or  tests  in  w  Inch  ozone  exposure  is  a  factor .  these  possible  v anations  should 
be  recognizes!  and  arrangements  shoulsl  be  made  ts'i  ozone  monitoring  at  the  test  site. 

2.  Terrain 

a  Genera/ 

Ihe  Proving  Ground  includes  a  variety  of  terrain  features  Rugged,  deeply  dissected,  com¬ 
monly  linear  bedrock  mountains  alternate  with  gravelly  and  sandy  lowlands  cut  bv  steep-sided  washes.4'’  The 
desert  plains  of  the  Proving  Ground  rise  from  about  300  400  ft  elevation  along  the  southern  boundary  of  the 
reservation  and  from  about  200  ft  along  the  C  olorado  River  near  the  Main  Post  area  to  1  5(X)  ft  along  Ihe 
iiorthestern  boundarv.  to  1000  It  northwest  at  (he  eastern  tip  of  that  arm  of  the  "C".4'  Mountain  ranges  and 
small  mountain  groups,  in  effect,  are  superimposed  on  the  basic  plain  and  include  Tank  Mountains  and  Palo- 
mav  Mountains  in  the  eastern  arm.  Dome  Rock  Mountains  and  1  ngo  Peaks  in  the  extreme  northern  end  of 
the  western  arm.  I  rigo  and  Chocolate  Mountains  south  of  them.  Middle  mountains  near  the  base  of  the  west 


PRECIPI  TATION  (INCHES  ) 


E2Z3  Max  imurr  Monthly  Precipitation 
HBB  Mean  Monthly  Precipitation 

O  Greatest  Precipitation  in  2  4  hours 

Minimum  Monthly  Precipitation  m  each  month  ,-s 


FIGURE  III  20  PRECIPITATION  REGIME 


TABLE  III  6  FREQUENCY  OF  OCCURRENCE  OF  PRECIPITATION 


Jan 

-r 

f  eb 

Mat 

-J 

1 

> 

Mai 

1  Jun 

Precipitation 

i  Days  [ 

%  ' 

Odys  | 

1  Days 

T  Ddys  ] 

% 

4 

Ddys 

I 

% 

Days 

-  ! 

t  1 

* 

t  ! 

i 

— 

4-  —  -  ♦ 

X 

i  -  -  - 

i 

None 

1 

■  681 

87  9 

587  ; 

83  1  705 

91  0 

709 

94  5 

762 

i 

98  4 

i  732 

97  6 

Ira 

e 

!  Jfc 

4  6 

56 

7  9  36 

4  b 

27 

3  6 

9 

1  2 

15 

2  0 

01 

8 

1  0 

7 

10  4 

0  6 

3 

0  4 

i 

0  1 

ft 

0  0 

02 

06 

17 

2  2 

18 

2  6  9 

1  2 

3 

0  4 

i 

0  1 

1 

0  1 

06 

?0 

12 

1  6 

12 

1  7  1 

0  i 

3 

0  4 

0  1 

2 

0  3 

1 1 

25 

1 1 

1  4 

17 

2  4  '2 

i  6 

2 

0  3 

0  1 

0 

0  0 

26 

50 

6 

0  8 

6 

0  9  4 

0  5 

i 

0  1 

0 

0  o 

0 

0  0  ' 

1  00 

3 

0  4 

2 

0  3  3 

0  4 

2 

0  3 

o 

0  0 

!  0 

00  , 

1  01 

2  50 

1 

0  1 

1 

0  1  ' 

°  1 

_0 

0  0 

0 

q_o 

0 

00  ■ 

* 

•58 

* 

- it 

63 

34 

14  '* 

4  . 

- 1 

T  otdl 

100 

i0u 

’00 

*0t- 

100 

/ 

100  ' 

>  775 

, 

706 

>  »?£ 

►  "50 

-  7~’i: 

p  750 

1 

Jo i  _  ^  _  Aug  _  Sep  +  Oct _ _  Nov  _ _  Dec 


i  Precipitation 

r 

Days 

% 

- - .H 

Days  , 

-  _  -  -JL. 

Days 

V 

Days 

C 

Days 

c  T 

Days 

i 

m 

!  None 

: 

686 

88  9 

655  |  84  5 

692 

92  3 

712 

91  9 

t 

690  j 

92  0 

672 

1" 

86  7 

i  r' 

ace 

45 

5  8 

64  : 

8  3 

22 

2  9 

30 

3  9 

27  , 

3  6  ' 

44 

5  7 

01 

9 

1  2 

4  ; 

0  5 

3 

0  4 

2 

0  3 

4 

0  5  1 

10 

1  3 

02 

06 

13 

1  7 

15 

1  9 

0  9 

8 

1  0  ■ 

12 

l  6  : 

14 

1  8 

06 

10 

5 

0  7 

1 1 

1  4 

5 

0  ■’ 

8 

1  0  ! 

8 

l  1  ; 

12 

l  1  5 

1 1 

26 

8 

1  0 

11  1 

1  4 

10 

’  4 

s 

06  : 

5 

0  7  j 

14 

;  i  B 

'  26 

50 

4 

0  5 

6  > 

08 

4 

0  5 

4 

0  5 

4 

05  ! 

3 

1  0  4 

51 

1  00 

1 

0  1 

6 

08 

4 

0  5 

4 

0  5  , 

0 

00 

6 

0  8 

■  1  01 

2  50 

-1“ 

1 

0  1 

.  3_  1 

0  4  ^ 

3 

q  4_ 

2 

.  °J, ; 

0  J 

0  0 

0  J 

0  0 

I 

'41  7T 

56 

'  36 

”  33,- "T 

33/1 

59/ 

Total 

! 

100 

j 

100 

100 

100  : 

/  1 

1 

100 

100 

y 

"775 

-• 

775 

i 

750 

'75 

y 

750  , 

'775 

'Number  of  days  with  precipitation  greater  than  a  trace  rn  relation  to  the  total  number  of  days  for  the  period  of  record 


ern  arm.  and  I  aguna  Mouniains  (f  igure  111-21)  in  the  extreme  southwestern  sector.  Along  the  base  of  the 
"U".  Castle  Dome  Mountains  extend  southeastward  from  the  KOKA  Refuge,  and  Muggins  Mountains  and 
Red  Hluff  Mountain  are  located  along  the  southern  margin  of  the  reservation.  Peaks  range  from  about  1080  ft 
in  the  1  aguna  Mountains  in  the  southwest  of  the  area  to  21  52  ft  in  the  Tank  Mountains  in  the  northeast,  2822 
ft  in  the  eastern  Chocolate  Mountains,  and  2878  ft  in  the  eastern  Dome  Rock  Mountains.  Intermediate  peaks 
rise  to  1800-1900  ft  in  the  eastern  Muggins  Mountains,  1560  ft  in  the  Castle  Dome  Mountains.  Mojave  Peak 
to  2771  ft  m  the  Chocolate  Mountains,  and  to  2600  ft  in  Trigo  Peaks.  Maximum  local  relief  ranges  from  980 
ft  (southern  1  aguna  Mountains  to  the  Colorado  River)  to  2578  ft  (Dome  Rock  Mountains  to  the  Colorado 
River) 


b.  Relief 


"Although  the  total  relief  of  each  of  the  mountain  ranges  on  the  Proving  Ground  is  rela¬ 
tively  low,  the  combination  of  steeply  faulted  margins,  extensive  intra-range  faulting  and  jointing,  and  severe 
mechanical  weathering  has  produced  impressively  rugged  topography,  with  slopes  locally  exceeding  40” 

Relief  of  the  unconsolidated  desert  plain  materials  ranges  from  several  inches  on  the  exten¬ 
sive  iindixscclcd  gravelly  piedmonts  (desert  pavements)  and  flat-floored  washes,  through  a  mean  of  about  7 


FIGURE  III  21  GENERALIZED  DISTRIBUTION  OF  SURFACE  MATERIALS 
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I  eel  in  the  dr-scv  It-il  sands  lulls,  ii<  .h  imii  1 1  as  'I  I  cel  in  I  lit-  highlv  Jihv  ted  gi  a  veils  piedmonts  fringing  pm 
lions  o!  .ill  llu-  m.mnt.iin  masses  "4' 

i  HcJu\  k  Mountain' 

Bedrock  mountains  have  hein  idatively  little  ined  and  arc  of  minor  important c  for  material 
let  tine  I  i  ttu  ic  testing  at  'tic  I’ rot  me  C  n  ouiitl  will  icq  litre  more  detailed  consideration  of  bedroi  k  character  is 
ii, s  It.  t.n  example  r  eh  cnetgy  blast  test- aie  sonducted.  the  possibility  of  seismic  shocks  of  ha/ardous  in 
tensities  must  be  considered  from  r tic  standpoint  of  densities,  elasticities,  and  structures  of  t fie  bedrock  associ- 
i  turns  1 1.'  i  a  :ed  lie  hi  amp!  if  icat.on  and  laser  target  disc  i  mi  matron  and  marking  must  be  considered  w  itfi  re 
e.nd  to  shei  mul  proper  ties  and  ret  lt\  t  a  net's  of  bedrock  backgrounds  Properties  of  rocks,  as  they  relate  to  the 
ptMi.il  tti'iiueni it's  of  satious  sensots,4'  must  be  sonsidered  m  using  remotely  sensed  detection  of 

i.iiiioiifl.tcc 


Hedio.  k  Oviiipns  at'oui  one  thud  •  >:  t tic  Prosing  tiround  surface  Volcanic  rocks  are 
aiongls  piedommant.  making  up  thice  fourths  ot  all  exposed  bediock  I  hey  are  most  abundant  in  the  west 
i'll:  aie.is  t(  fioiolate.  Ingo.  and  M'd.lic  Mount. m:si  and  in  [tie  northeast  (lank  and  Palomas  Mountains! 
i .  i  amt's  gnetssk  .  and  sc  iso  lose  :  ,  ks  are  nest  m  abundance,  ocsiirr  mg  principally  in  the  northwest  and  along 
t  lie  southwestern  pan  ot  the  Pi  n  mg  (round  Minor  outer  ops  of  intrusive  rocks  and  slightly  consolidated  or 
•iiduratcd  alluvial  and  coii.ivta!  matiiiais  ate  common  in  and  around  l he  bedrock  mountains  Sedimemars 
and  inei.irnoi phosed  'Cdimeniaiv  to.  ks  make  up  most  ot  the  northernmost  part  of  the  Prosing  Ground  and 
mall  anas  elsewheie  1  videikc  -uggests  that  the  (  astle  Dome  Plain  is  underlain  at  relatively  shallow  depth 
hs  bedroi k  that  the  ha  n  beneath  it  is  not  Jeeplv  lilieJ  with  alluvium  as  is  common  in  other  areas.  Bedrock 
w.i  i  eik  on  titered  at  the  I l*'  It  dept  It  in  a  well  at  (  astle  Dome  Heliport  in  the  northwestern  area  of  the  plain. 

J  Mill*  l.li  I  OW  /.i.'Ji/s 

Alluvial  lowland'  are  the  principal  areas  used  lor  testing  at  VPG.  Gravelly  and  sandy  sur¬ 
faces  ate  the  "hard"  and  "soft"  ground,  tespeem  ely .  for  impact  testing  of  material  delivered  or  emplaced  by 
aircraft,  arttllerv,  or  hand  t  he  rolling  lulls,  sandy  plains,  desert  pavements,  washes,  and  gullies  are  ihe  land 
lotms  most  suitable  for  mobility  testing  and  are  representative  of  the  terrain  most  frequently  encountered  in 
desett  militars  operations.4 

;■  (iijwlly  .Surfaces 


Gravelly  materials  predominate  m  all  plains  areas  except  on  ihe  La  Po/sa  Plain  (the  north¬ 
eastern  edge  of  the  western  arm  of  the  Proving  Ground);  southwestern  areas,  including  the  drop  zones; 
I  aguna  \nny  Airfield  C  omplex;  the  Mobility  Complex;  adjacent  land  south  to  ihe  L  aguna  Mountains;  and 
king  Valley 


Gravelly  plains  of  nearly  flat  relief  are  commonly  surfaced  with  "desert  pavement"  (Figure 
III  22).  Pebble  to  cobble  si/e  gravel  forms  a  continuous  singlc-fragment-thick  sheet  to  protect  the  underlying 
materials  from  further  erosion  and  deterioration  Quite  frequently,  the  exposed  surface  of  the  gravel  has  a 
dark  patina  of  "desert  varnish"  if  age  and  composition  are  appropriate  to  its  formation  The  varnish  is  a  sur- 
ficial,  dark  brow n-to-black  stain,  predominantly  of  iron  and  manganese  oxides,  formed  on  the  upper  surface 
of  gravel  In  the  combined  effect  of  condensed  atmospheric  moisture  and  action  of  biological  agents 
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FIGURE  111-22.  DESERT  PAVEMENT 


on  the  gravel  surface.  The  soil  profile  beneath  the  pavement  is  described  as  follows,  applicable  specifically  to 
the  “pavement”  at  the  northwest  corner  of  the  Muggins  Mountains  (site  of  the  Dust  Course):45 

“The  surface  materials  are  mostly  pebble  size  (1  to  1-1/2  inches  in  diameter),  mostly  of 
gneissic  composition  and  darkly  varnished  There  are  occasional  cobbles  to  5  inches  in 
diameter. 

“Under  the  surface  fragments  is  a  thin  ‘film’  of  grayish  to  reddish-brown,  silty,  very  fine 
sand  seldom  more  than  one-eighth  inch  thick. 

“Blowing  or  brushing  away  the  sandy  film  reveals  slightly  rounded  ‘caps’  of  friable,  vesicu¬ 
lar,  roughly  hexagonal  columnar  soil  peds  about  1-1/2  inches  in  diameter  extending  down  3 
or  4  inches  .  .  .  The  peds  are  composed  of  light  grayish-to-reddish-brown  clayey,  very  fine 
sand  with  no  admixed  stony  fragments. 

“Under  the  ped  layer,  which  is  quite  uniform  in  thickness  and  which  has  a  clearly  defined 
lower  surface,  is  a  6-  to  8-inch  thick  layer  of  loose,  almost  ‘fluffy’,  reddish-to-grayish-brown 
granular,  assorted  sands  with  min^r  sjlt  and  clay  and  very  little  gravel. 

“Below  the  loose  layer,  with  a  transition  through  only  a  short  distance,  are  the  generally 
grayish,  sandy  gravels  that  are  the  parent  materials  of  the  profiles  developed  above  them. 

"The  soil  profile  characteristics  affect  several  aspects  of  testing  and  tactical  use  of  desert 
pavements;  moving  vehicles  squeeze  the  sandy  film  up  around  surface  stones  and  thus  leave  a 


clear,  temporary  record  of  their  passing.  Bearing  support  for  vehicles  is  provided  by  the 
combination  of  armoring  surface  materials  and  the  firm  ped  layer.  These  elements  of  the 
profile,  however,  are  inadequate  to  support  heavier  vehicles  on  multiple  passes;  once  the  lay¬ 
ers  are  broken,  the  vehicle  sinks  abruptly  to  the  base  of  the  fluffy  layer,  with  consequent  rut¬ 
ting.  Any  disturbance  of  the  surface  becomes  a  nearly  permanent  scar  that  is  difficult  to 
camouflage.  The  ped  layer  is  the  principal  source  of  dust  or  disturbed  desert  pavements,  con¬ 
tributing  the  materials  by  means  of  which  ‘signatures'  of  moving  vehicles  and  artillery  im¬ 
pacts  are  evident.  The  dust  deteriorates  polished  surfaces,  filters,  seals,  and  closely  machined 
mating  surfaces.  The  essentially  gravelly  composite  n  of  materials  under  desert  pavements 
makes  such  areas  the  ‘hard’  ground  desert  for  artillery  fuze  functioning  tests,  airdrop 
delivery,  and  foxhole-emplacement  device  tests.” 

Sandy  Surfaces 

“Sandy  plains  occur  in  the  La  Posa  and  Palomas  Plains,  in  King  Valley,  and  in  the  area 
north  of  the  southern  Laguna  mountains  (Figure  111-21).  They  are  developed  on  thick,  pre¬ 
dominantly  sandy  deposits  whose  uppermost  materials  have  been  redistributed  by  wind  and 
water.  Layers  and  lenses  of  clay  and  fine  gravels  occur  at  depth,  but  sands  and  silts  predomi¬ 
nate.  A  new  well  (1972)  in  King  Valley  near  Mesquite  Jim  Well,  logged  to  1 105-ft  depth,  in¬ 
tersected  only  one  gravel  layer  (at  15-30  ft  depth);  the  remainder  of  the  hole  was  in  sand,  silt 
or  clay. 

“On  the  plains  and  in  King  Valley,  relief  is  low,  consisting  mainly  of  narrow,  vertical-sided 
drainages  seldom  deeper  than  3  feet  in  the  finer  materials,  and  of  wide,  shallow  swales  in 
areas  away  from  the  active  valley  axes. 

“Lag  pavements  (Figure  111-23).  commonly  varnished,  occur  throughout  the  sandy  plains 
area  north  of  Laguna  Mountains  and  border  other  areas  of  the  sandy  plains.  Lag  pavements 
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differ  from  desert  pavements  primarily  because  (he  maienals  under  them  affect  testing  and 
military  operations  differently  and  because  then  mode  of  origin  is  different  They  are  less 
extensive  than  desert  pavements  because  they  are  derived  from  thin,  commonly  discon¬ 
tinuous  lasers  and  lenses  within  predominantly  sandy  or  silty  deposits,  in  areas  formerly 
susceptible  to  rapid  eiosion  by  flooding  I  heir  surface  is  usually  slightly  higher  than  adja 
cent,  nonpavemenled  finer  materials 

I  he  sands  plains  are  easily  irafficable  for  low  ground-pressure  vehicles,  but  the  loose,  fine¬ 
grained  surface  materials  and  narrow ,  vertical-sided  drainages  can  slow  or  hinder  movement 
of  wheeled  vehicles  with  standard  tires.  I  he  sandy  plains  areas  are  the  ‘soft'  areas  desired  for 
certain  artillery  impact  and  atrdrop  delivery  tests.  Dust  on  undisturbed  areas  is  raised  by  ve¬ 
hicle  and  helicopter  movements,  but  to  a  lesser  extent  by  helicopters  than  might  be  expected 
because  a  very  thin,  friable  crust  armors  the  surface.” 

3.  Petrographic  Data 

Petrographic  analyses  of  soil  sample'  I  rom  v  ar  ions  vehicle  test  courses  are  presented  in  Table  11 1-7 

4.  Vegetation-' 

a  tieneral 

Vegetation  in  the  Yuma  lest  Area  varies  from  the  sparse,  typically  desert  types  of  the  sand 
plains,  gravel  surfaces,  and  hills  to  the  dense,  moisture-loving  plants  of  the  river  bottomlands.  The  chief  cri¬ 
teria  used  for  classification  are  plant  si/e  and  vegetation  density  because  rhese,  rather  than  floristic  distinc¬ 
tions.  are  a  chief  concern  m  military  planning  and  lesiing  Camouflage,  concealment,  obstruction  to 
movement,  and  abrasion  are  all  related  to  these  basic  factors  of  si/c  and  density  Vegetation  density  is  defined 
as  the  percentage  of  the  ground  area  covered  by  the  downward  vertical  projection  of  the  foliage.  1  he  vegeta¬ 
tion  types  thus  distinguished  are  dense  marsh  plains,  cultivated  crops,  dense  shrubs  and  trees,  sparse  shrubs, 
and  very  sparse  shrubs.  I  his  classification  considers  only  the  perennial  vegetation;  for  a  brief  period  in  the 
spring,  there  is  usually  a  relatively  abundant  growth  ot  low  annual  herbs  and  grasses  covering  much  of  the 
ground. 


b.  Dense  Vegetation 

The  dense  types  are  all  associated  with  the  silt  bottomlands  adjacent  to  the  Colorado  and 
Cilia  Risers.  In  these  lands,  the  ground  water  table  is  frequently  close  enough  to  the  surface  to  provide  ample 
water  for  a  relatively  dense  grow  th  of  trees  and  shrubs,  and  the  soil  is  sufficiently  fertile  to  permit  the  cultiva¬ 
tion  of  farm  cropv  under  irrigation.  The  dense  marsh  plants  are  submerged  much  of  the  time.  These  plants  are 
frequently  found  where  silt  is  being  deposited  behind  a  dam  or  where  shallow  overflow  waters  from  the  river 
form  an  intermittent  lake  or  marshland.  In  the  dense  types,  the  characteristic  color  of  (he  landscape  is  thai  of 
the  vegetation  —  usually  gravish  green  w  here  arrow  weed  or  tamarisk  brush  is  dominant . 

c.  Sparse  Vegetation 

In  the  types  designated  sparse  or  ‘‘very  sparse”,  density  never  exceeds  30  percent,  and  the 
color  of  the  landscape  is  determined  largely  by  the  color  of  the  ground  rather  than  that  of  the  vegetation. 
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TABLE  II)  7.  SOIL  PROPERTIES,  VEHICLE  TEST  COURSES 


Sample 

Number 

l  OC»tK>n 

Percent 

Abraaiva 

Ponopa1 

Abraarva 

Mineral* 

Parcant 

Nonabraarva 

Principal 

Nonabraarva 

Mineral* 

Panic »  Shape 

Remark# 

2 

vapo<  loch  Gulch 

nr*a 

23 

Quartz 

77 

Carbonate 

Subround  fo 

Anguta* 

Only  panclM  above  3  m«.f one 
ut  mciudad  hare  Pamciw 
bakm  3  u  have  much  bgha 
abraarva  content 

9 

T a r>k  Hih  Court# 

High  HtW% 

13 

Quartz 

87 

Clay  Gypeum 
Chlorite 

Angular  to  Sub 
angular  a*capt 

round  carbonate 

Sam#  w  above 

16 

1  ink  Level  (' iO*4 
<  mmtry  Wash 

38  7 

Quartz 

Amphiboia 

Magnet** 

61  3 

Clay  Gvpaum 

Carbonate 

Carbonate 

Mica 

Abraarva  Grama 

Angular  10  tub 
angular  nonet* 

round  to  tubfouryj 

Same  at  above 

’0 

T  anfc  1.  aval  C'O## 

Country  Fool  HiH# 

18  * 

Quartz 

81  5 

Carbonate 

Clay  Mica 

Mica 

Abraarva  Grama 

aubround  to  eub 
angulai 

Sam#  a#  above 

U 

Truck  Crow  Country 
Light  VotcanK 

9  b 

Quartz 

FaWapar 

90  6 

Clay 

Carbonate 

Pound  to  aotxound 

Sam  w  above  Clay  occur*  m 
aggregate  that  rf  separated 
would  mcreew  the  nonabraarva 
percentage 

n 

Truck  Crow  Country 
Dirii  Volcanic 

2 

Quartz 

Faktapar 

96 

Clay 

Carbonate 

Angular  Fibrou* 
to  aubround 

Sea  remark*  under  wmpte  2 
Compoeed  etmoet  entirely  of 
clay  and  carbonate  much  of  ft 

iron  stained 

2 

Vapor  lock  Gulch 

Coara# 

71 

Quartz 

29 

Clay 

Gypeum 

Round  to  aubround 

9 

Tank  Mill  Cou'  — 

High  Hit|« 

n 

Quartz 

23 

Clay 

Gypeum 

Hard  Grama 

Subanguiar  to 

Angular.  Nonabr  . 
Round 

Mineral  aeeemblag*  typical  of 
altered  gnetw  eee  Yuma  rock 
wmptw  R  2  and  R  3 

>5 

rank  l#v#(  Oow 

1  ountry  Waah 

Tl  6 

Quartz 

22  4 

Clay  iron 

Stained  grama 
Gypeum 

Subanguiar  Round 

Abraarva  grama  include 
Megnetrte  Fa,Ot 

10 

Tank  L  aval  Crow 
Country  Foot  H ilia 

•>1  5 

Quartz 

48  5 

Carbonate 
Gypeum  Clay 

Angular  to  Subround 

22 

Truck  Crow  Country 
l  rght  Volcanic 

73 

Quartz 

FakJapar 

27 

Clay  Mica 

Angular  to  Round 

Fetdaper  uaueMy  highly 
weathered  eee  Y  ume  rock 
■ample  R  22 

23 

T ruck  Crow  Country 
Oar*  Volcanic 

64 

Quartz 

FakJapar 

36 

Iron  ttamad. 

gram  a 

Clay,  Mica 

Subround  to  tub 
Angular 

Badly  iron  atamed  gram* 
fetdaper  ueuaty  highly 
weetjered  see  Y  ume  rock 

wmpte  R  23 

which  is  always  drab,  cither  dull  green,  gray,  or  brownish.  The  plants,  whether  shrubs  or  trees,  ate  generally 
small,  rigid,  or  woody,  and  have  extensive  but  not  especially  deep  root  systems 

d.  Soxious  Plants 


I  horniness  is  more  likely  to  be  encountered  m  the  tree  growths  such  as  mesquite,  ironwood, 
and  cat's  claw  than  in  the  shrubs  The  only  plant  in  the  area  that  might  be  described  as  truly  noxious  is  the 
cholla.  a  cactus  that  is  found  occasionally  in  all  of  the  dry  (sparse)  types;  the  penetrating  ability  and  micro 
scopic  barbs  of  its  spines  make  it  a  plant  to  be  avoided.  The  spiny  or  thorny  plants,  however,  except  in  the 
case  of  mesquite  thickets  in  some  of  the  bottomlands,  can  be  avoided  w  ith  relative  ease. 
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F  TEST  COURSES  AND  TEST  AREAS 


I .  General 

Test  courses  located  in  the  southwestern  area  of  the  Proving  Ground  are  indicated  in  Figure  111-24, 
superimposed  on  a  representation  of  the  types  of  surface  materials  on  which  the  test  courses  and  areas  are 
situated,  lest  sites  outside  of  the  mapped  aiea  are  included  in  the  following  list  of  test  courses  and  areas: 

a  rruek  Hill  Course 

I  his  is  a  2.7-inile  course  located  in  the  hills  adjacent  to  the  Mobility  Complex,  with  grades  up 
to  20  percent.  Road  surfaces  vary  from  a  rough,  rock  surface  to  loose  rock,  gravel,  and  sand.  Operation  on 
this  course  requires  frequent  braking  and  transmission  shifting  under  load. 

b  Tank  Hill  Course  “B” 

This  5.2-mile  course  is  located  in  an  area  of  rocky  hills  in  the  Laguna  Mountains  south  of  the 
other  test  courses.  It  includes  short,  steep  slopes  (35  percent  maximum)  plus  slopes  with  less  than  20  percent 
gradients  Driving  surfaces  vary  from  sand  and  gravel  to  exposed  bedrock,  including  a  large  proportion  oi 
loose  gravel  with  sharp  stones  and  rocks. 

c  lest  Slope  Course 

Forward  slopes  of  5,  15,  20,  30,  40  and  60  percent  grade  are  surfaced  with  gravel,  asphalt  or 
concrete  V  ehicle  gradeability,  brake  holding,  and  fuel  and  lubricating  systems,  functioning  at  various  vehicle 
attitudes,  are  checked  on  these  slopes.  In  addition,  10  to  40  percent  compacted  gravel  side  slopes  provide 
means  for  checking  vehicle  stability  on  side  slopes. 

d  lank  Grave/ Course 

l  ocated  just  south  of  the  Mobility  Complex  headquarters,  this  3.6-mile,  graded  and  com¬ 
pacted  gravel  course  consists  of  short,  straight  sections  and  curves  of  various  radii,  simulating  secondary 
gravel  roads.  Operation  of  tracked  vehicles  and  heavy  trucks  on  it  provide  test  of  steering  mechanisms  at  me¬ 
dium  speeds. 

e.  rank  l  c’i  cl  C  ross-C  ountry  Course 

Also  just  south  of  the  Mobility  Complex  headquarters,  a  6.7-mile  course  incorporates  natu 
rally  the  many  ruts,  bumps,  and  dust  conditions  typical  of  desert  cross-country  terrain.  Vehicle  suspension 
systems  and  overall  durability  are  severely  tested. 

f.  Sandy  Slope  C  ourse 

Graded  sand  slopes  of  10,  15,  20,  and  30  percent  were  prepared  by  bulldozing  and  are  main 
tamed  in  uniform  condition  by  disc  harrowing.  Vehicle  stability  is  observed  on  10  to  40  percent  side  slopes 
Surface  material  is  loose,  dry,  wind-sorted  sand. 
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FIGURE  III  24.  PARTIAL  MAP  OT  TEST  COURSES 
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g  Sami  Dynamometer  (  ourse 

Vehicle  speeds  and  tractive  eflort  in  sand  ate  determined  on  this  straight,  level  course  of 

loose,  dry  sand. 

/i  I’a/nv  /  ock  (  oui  sc 

l  ocated  in  a  dry  wash,  in  which  the  soil  is  a  loose,  deep  mixture  ol  coarsely  graded  sand  and 
gravel,  this  course  consists  of  loops  of  1 .  3.  and  ~  miles  m  an  area  in  which  summer  temperatures  are  generally 
the  highest  in  the  Proving  Ground.  Ot  use  principalis  foi  gasoline-fueled  vehicles,  it  is  still  used  for  diesel- 
powered  vehicles. 

/.  Dust  Course 

Located  3  miles  south  ot  k<  >1  A  Range  area  whuc  the  soil  is  finely  dis  ided  silt  and  sand,  this 
I  -mile  oval  course  is  a  site  lor  vehicle  and  component  tests  under  extremely  dusty  conditions 

j.  Laguna  Mountain  Truck  Hill  C  ourse 

l  ocated  just  south  of  the  lank  Gravei  (.  ourse.  tins  5  5  mils  course  traverses  slopes  of  vari¬ 
ous  degrees.  The  2(3- f t  roadway,  surfaced  with  a  natural  so;i.  including  various  sire  rock  and  gravel,  is  used 
for  testing  components  of  wheeled  vehicles. 

k .  Mobility  C  ample \ 

Topographically,  this  area  consists  ot  flat  terrain  bordered  to  the  north  and  west  by  low 
lying  hills.  It  is  relatively  close  to  the  KOI  A  Range.  I  aguna  Aims  An  t  'eld  Complex.  Main  Post,  and  numer 
ous  vehicle  test  courses 

l.  Truck  l  c'dC  Toss  c  otmnyC  ourse 

Iravetsing  typical  deseri  terrain,  consisting  of  desert  pavement,  sand  and  gravel,  washes, 
and  loose-sand  areas,  this  course  is  located  0.6  miles  west  of  I  aguna  Army  Airfield  Complex.  Durability  of 
wheeled  vehicles  is  evaluated  on  its  6.4-mile  length. 

m.  Laguna  Army  Airfield  Complex 

Located  just  north  of  the  Mobility  Complex  area  in  the  center  of  a  large,  flat  valley  with  low- 
lying  hills  to  the  north,  west,  and  south,  it  pros  ides  a  suitable  location  for  aircraft-related  facilities  and  opera¬ 
tions.  Approach  /ones  arc  considered  unobstructed  because  of  the  absence  of  predominant  land  features 
within  1.5  miles  of  the  main  runway. 

n.  Phillips  Drop  / one 

A  large,  flat,  sandy  surfaced  atea  used  for  tests  involving  personnel  airdrops. 
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o.  Dynamometer  Course  ( surfaced ) 

Located  1.5  miles  northwest  of  KOFA  Range  Complex,  near  U.S.  Highway  95,  on  very  flat 
terrain,  this  course  includes  a  2.0-mile  straight  section,  30  ft  wide  with  500-ft  radius  turn-arounds  at  each  end. 
Vehicle  tractive  capabilities  on  paved  surfaces  are  determined  utilizing  a  mobile  field  dynamometer,  Figure 
HI-25. 


p.  East  Environmental  Test  Area 


tains. 


This  is  a  long-term  climatic  storage  area  located  on  the  plain  north  of  the  Muggins  moun¬ 


q.  West  Environmental  Test  Area 

Located  on  a  broad  plain  bordering  the  southern  portion  of  Cibola  Firing  Range  and  sur¬ 
rounded  by  gently  rolling  terrain,  this  area  is  used  for  static  climatic  testing. 

r.  Coyote  Drop  Zone 

Also  situated  on  the  broad,  gravelly  plain  just  southeast  of  the  West  Environmental  Test 
area,  this  area  is  used  for  cargo  airdrop  tests. 


FIGURE  111-25.  TEST  VEHICLE  TOWING  FIELD  DYNAMOMETER  DURING  COOLING  TEST  ON 

PAVED  DYNAMOMETER  COURSE 
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Roadrunner  Drop  /one 


s 


The  third  drop  /one  in  this  area,  Roadrunner  Drop  Zone,  lies  generally  east  of  Phillips  and 
Coyote  Zones.  It  is  used  for  hazardous  cargo  airdrops  and  for  tests  of  I  API  S,  I  ow  Altitude  Parachute  l  x 
traction  System. 


t.  Orasel  Course 


This  is  approximately  3  miles  of  abandoned  highway  (no  pavement)  located  on  relatively  flat 

gravelly  terrain 

u.  KOf'A  Range  Complex 

Only  a  portion  of  the  KOTA  Complex  is  indicated  on  figure  III  24  Range  facilities  are  lo¬ 
cated  just  to  the  west  of  the  firing  front.  The  range  proper  extends  almost  due  easi  for  40  4  miles  and  is  5.6 
miles  wide.  Range  facilities  are  situated  on  flat  terrain  and  house  functions  related  to  tube  artillery  and  weap 
ons  testing  and  test  data  acquisition.  KOf'A  f  iring  Range  traverses  the  relatively  flat,  gravellv .  Castle  Dome 
Plain  and  King  Valley,  with  Castle  Dome  Mountains  intruding  partially  from  the  north  down  range  from  the 
f  iring  front.  It  is  the  focal  point  of  tube  artillery  at  YPCi. 

v.  Rocket  Alley 

This  is  a  ground-based  2.75  in.  rocket  test  area  It  is  76.5  by  0.6  km  and  has  three  marked 

impact  areas. 

u  truck  kirasel Course 

An  elongated  loop  just  east  of  IJ.S.  Highway  95.  about  midway  between  C  astle  Dome  Heli¬ 
port  and  the  northern  end  of  KOf'A  f  iring  front,  on  the  flat,  gravelly  Castle  Dome  Plain,  the  course  is  3.1 
miles  long  and  40  ft  wide.  With  a  graded  gravel  surface  for  vehicle  operation,  it  simulates  operations  on  sec¬ 
ondary  roads  at  convoy  speeds. 

x.  Castle  Dome  Heliport 

l  ocated  on  the  broad,  flat,  gravelly,  Castle  Dome  Plain,  continuous  north  and  south,  the 
heliport  has  rugged  mountains  to  the  east  and  west.  It  is  used  as  a  staging  and  maintenance  area  for  aircraft 
and  aircraft  armament  testing. 

v  Castle  Dome  Heliport  Annex  Graze  hiring  Range 

This  area  is  in  the  foothills  of  the  Middle  Mountains,  northwest  of  C'astlc  Dome  Hclip^  t 
and  west  of  U.S  Highway  95  In  addition  to  test  support  facilities,  it  contains  a  combination  3000m  target 
range  and  gra/e  range  for  ground-to  ground  developmental  tests  of  aircraft  armament  and  components  The 
I  arge  Multipurpose  f Environmental  Chamber  (l.MPfC)  is  located  here  This  chamber  can  temperature  con 
dition  large  complete  systems.  Weapons  can  be  functioned  by  firing  through  ports. 
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Mining  Target  Range 


I'his  range  has  a  1-mile  straightaway  and  loops  at  each  end  1  he  rail  and  target  carrier  are 
protected  by  earth  berms. 

2  Other  Areas 

Outside  the  area  mapped  in  f  igure  111-24.  or  otherwise  not  indicated,  are  the  follow  ing: 

a  C  ibola  Range  C  omplex 

Comprising  all  of  the  western  arm  of  the  Proving  Ground  north  of  the  West  l.nvironmenial 
lest  Area,  the  complex  is  approximately  40  miles  north-to-south  and  18  miles  east-to-west.  Mountain  barriers 
surround  the  central  portion,  making  it  ideal  for  aircraft  armament  testing.  Rocket  Alley  and  the  Moving 
Target  Range  are  both  in  the  Cibola  Range  Complex. 

b.  Pyrotechnic  Firing  Range 

located  at  the  extreme  eastern  end  of  KOFA  Firing  Range,  this  range  is  used  for  dynamic 
testing  of  tactical  luminants. 

c.  Rock  Ledge  Course 

Approximately  28  miles  north  of  the  Mobility  Complex,  this  course  lies  adjacent  to  U.S. 
Highway  95  and  is  used  for  testing  vehicle  suspension  sy  stems  and  components. 

d  Paced  Course* 

l.S.  Highway  95,  w  hich  traverses  the  Proving  Ground  for  50  miles,  and  a  level,  5-mile  paved 
course  adjacent  to  it,  are  available  for  endurance  and  engineering  tests  of  wheeled  and  light,  tracked  vehicles. 

e  ( )b* taele  and  Slope  C  'nurses 

Located  throughout  the  Mobility  Complex  area  are  six  courses,  three  obstacle  courses  con¬ 
sisting  of  a  vertical  wall,  bridging  device,  and  a  simulated  shell  hole  and  three  slope  courses  with  vertical 
slopes,  side  slopes,  and  sand  slopes. 

f.  Vehicle  Turning  Circle 

This  course  is  used  to  measure  vehicle  turning  radii  and  to  evaluate  fields  of  vision  and  fields 

of  fire 

g  Bore  Sight  Range 

This  is  a  1  500-yard  range  for  aligning  and  checking  sighting  systems  on  targets  at  500,  1000, 
and  I  500  vards  from  the  sighting  position. 
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h  VI  tiici  Spi.n  / av this 

l  ocated  in  the  \1obtlit>  Complex,  this  facility  is  employed  to  determine  the  effectiveness  of 
vehicle  water  seals 

i  U.ifet  /e'l  /  .ici/iliiw 

ill  C  /ear  /  a  Ac 

A  shallow  lake  lomied  hv  a  natural  diversion  ot  the  Colorado  River,  where  V  uma 
Wash  meets  the  Kivcr  Valley,  is  sometimes  used  tor  shallow  fording  tests. 

(2)  \firtn  I  .ike 

\  maishv  aiea  downstieam  s' t  I  aguna  Ham  on  the  Arizona  side  of  the  river  includes  a 
marshy  area  useful  lor  testing  engineer  fording  and  bridging  equipment. 

1 1)  sc/).i,v/  H  ash  Keven  orr 

I  otmcsl  s > r i  the  (.  alifornia  side,  upstream  tiont  Imperial  Dam,  this  reservoii  is  basically 
tor  irrigation  watct  impsnindment  Becaime  s>!  its  depth  and  summer  time  high  temperature,  it  may  be  used 
lot  testing  amphibious  vehicles  ts>  meet  ic,|uiieincnts  oi  ,'peratis'n  m  high-temperature  waters. 

3.  Airspace 

Because  ot  the  artillery  and  airctaft  armament  testing  at  YPG.  certain  airspace  restrictions  arc  nec¬ 
essary  Figure  111  2b  depicts  the  various  airspace  envelopes,  their  designations  and  proportions.  Restricted 
Airspace  R  2307.  surface  to  unlimited  ceiling,  covers  the  artillery  firing  range  portion  of  the  KOFA  Firing 
Range.  R2.V08  "B”.  surlace  to  80.000  feet,  covers  the  extreme  northeast  leg  of  the  installation.  R2308  “A" 
l.MXi  to  80. (XX)  feet,  covers  all  of  the  Cibola  Firing  Range,  with  the  exception  of  a  small  strip  about  1  mile 
wide  and  10  miles  long  north  and  south  along  the  western  boundary  just  north  of  R2307.  R2306  “C".  surface 
to  I  7. (XXi  feet,  covers  a  small  portion  of  the  northwest  Cibola  Firing  Range.  Yuma  Proving  Ground  controls 
the  use  of  R  230b  A.  B  and  C;  R-2307;  and  R-2.308  A  and  B  airspaces  exclusively.  These  areas  arc  released  to 
the  I  eileral  Aviation  Agency  when  there  is  no  1)01)  requirement,  which  occurs  on  a  daily  basis,  normally  in 
the  evening  hours  and  on  weekends.  During  these  periods,  commercial  aircraft  regularly  overfly  the  Proving 
(uonnd.  I  he  Marine  Corps  Air  Station  (MC  AS)  Yuma  makes  extensive  use  of  R-2306  and  R-2308  above 
lo.txxi  feet  for  tactical  training  maneuvers. 

F  COMPARISON  OF  YPG  WITH  OTHER  WORLD  DESERT  AREAS 
1 .  General 

Irt  (able  11-2.  environmental  characteristics  of  YPG  and  other  world  deserts  are  tabulated,  allow¬ 
ing  the  reader  to  make  independent  comparisons  depending  on  his  specific  interests  and  upon  available  data. 
I  oi  Itirther  detail,  the  sellout  nsei  ol  this  publication  is  urged  to  use  the  Yuma  Climatic  Analogs'''  prepared 
bv  the  Ouartcrinasiei  Ke-eaich  and  1  nguiecrmg  (  enter  and  the  leriain  Analogs  prepared  bv  Waterways  Sta 
lion.  (  nips  of  l  ngmeei  v  I  hesc  vs  or  ks  aie  immensely  v  a  I  liable  in  the  extent  of  data  compiled  and  analyzed 
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FIGURE  III  26  RESTRICTED  AIR  SPACE  ENVELOPES 
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c  lunate 
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In  using  these  analogs  one  must  iccogni/c  the  -igmli.an.e  ol  svale  A  l*<  <  i'l  fv  an 

area  tough!  x  miles  bx  64  miles.  A  majority  ol  the  meieorologn.il  data  h>  which  it  is  .haru.tci  i/v  : 
coided  m  a  single  station  m  the  Mohilnx  I  esi  C  omples .  Admitting  possibilities  of  v  ai  luimm  m  meteor,  m  -g. 
sal  i.HU'is  bee  ause  ot  t  he  e  stent  a  ml  let  tain  topography  ol  !  lie  I  *  t  o\  me  tiioniul.  n  ;s  sale  to  o  .  ;  ImI  i  in  Jam 
ot  leeotd  aie  lepreseniaio  e  ol  the  Prosing  (iiound  genet  alls  In  compar  ison.  the  smallest  a  lea  .  c  by  j 
Julian,  analog  is  that  ol  I  ast  (.  enttal  Alnca.  about  ”iX)  miles  by  lixxi  miles,  wah  a  maximum  .trum.-. 
about  '5(1  miles  between  weathet  stations.  I  he  greatest  extent  ol  oxetage  t-  r he  analog  (or  Vmit,  Am.:. .a. 
about  ' ’no  miles  by  45  .It)  miles,  the  two  most  distant  weather  stations  26o  mile-  a  pat  i . 

In  general,  the  degree  ol  analogy  i-  indicated  tot  eaJi  desert  area  in  term-  o:  ".to-..-.  .m  : 
ogous"  it  lent  pet  atuies  are  w  tilnn  5  I  a  box  ot  beUxxx  the  cor  responding  lex  el  he  5  uma.  "-emtutiui  -go .. 
•xiihin  m  1  ahoxe  or  heloxx;  rainfall  between  5  and  6  inches  closely  analxigx’us,  and  between  6  and  4  u..l:o 
seimanalogous.  Wind  speeds  beixxeen  4  and  '  mph  are  Jx'selx  analogous  and  less  than  4  ot  Iroin  '  to  12  mph 
semianalogous.  Hy  graphic  represeniation,  areas  ot  the  :wi>  degrees  of  analogy  wills  Yuma  are  :n.ii.a:ej 
Axailable  analogs  .>t  the  5  uma  .lunate  are  excerpted  in  following  patagtaphs.  A  degree  el  iiite r pi ehiooi. 
must  be  exercised  because  it  is  the  intent  of  tin  .  publication  to  indicate  which  areas  of  5  I'G  are  ar.ai-'gou'  to 
other  world  deserts  I  lie  analogs  indicate  the  areas  ol  oilier  world  deserts  analogous  to  1  P(  i 

ID  Middle  l  .tsr‘" 

"  I  tie  .Innate  ot  the  Middle  I  ast  has  strong  resemblance  to  that  of  Yuma.  V  v.ma 
Ihe  similar  it  \  is  parti,  ularlx  close  m  ail  important  respec :■>.  both  xx  inter  and  sum  met .  m  the  x  alley  o!  the  lor 
dan  Hixer  in  Israel  and  .Iordan  and  m  the  southern  par!  ol  the  Mesopotamian  lowland  between  Baghdad  and 
Pasta  Alt  hough  these  a  teas  xd  close  analogy  are  of  small  extent,  areas  in  which  single  elements  ot  the  china  te. 
such  as  xxiruer  temperatures,  summer  tempeiatutes,  and  annual  precipitation,  are  analogous  include  x.ux  .on 
stderahle  parts  of  the  Middle  1  ast.  When  area,  that  max  be  cx'tisideted  semianalogous  ate  added  to  these, 
certain  climatic  elements  are  found  to  be  more  ot  !e-s  compai able  to  5  ta  oxer  most  o!  the  Middle  1  a-t  r. 
gir'n.  Ibis  is  especially  true  of  precipitation  as  onix  the  Mediterranean  coast  and  the  highland'  around  th. 
matgtits  of  the  region  base  a  mean  annual  pre.ipitatton  in  ex.e"  of  the  amount  adopted  here  as  the  limit  o’ 
senttanalogy .  1  he  yearlx  Jisinhution  of  precipitation,  howe'er,  is  roughly  comparable  to  that  of  A  uma  onlx 
on  the  south  coast  ol  A  tabia,  w  heie  rain  is  receix  ed  in  both  summer  and  xx  truer .  Ax  er  age  and  exit  erne  'allies 
lot  summer  and  xxmtet  tempeiatutes  ate  closely  analogx'us  to  those  at  A  uma  oxer  .  onsi.lct  able  arx.i'.  a  I 
though  these  seasonally  analogous  /ones  oxcriap  onlx  in  interior  Arabia,  southern  liax).  at).!  the  Dead  Sea 
Kilt  A  , dies  Of  the  Jim.tti.  elements  considered  here,  the  lulx  mean  Jew  px>mt  temperature  h.i'  the  mo'-  e 
st  net  eel  area  xd  analogs .  such  areas  were  found  to  exist  only  m  a  relatix  ely  namnx  band  near  the  .  o.i't-  .iiul  m 
the  S\ t tan  plateau,  m  addition  to  the  two  areas  of  complete  analogy 

Id)  Siirtheast  Africa'' 

"Northeast  Africa  lias  considerable  area'  where  the  important  climatic  element-  are 
closelx  analogous  to  those  at  A  uma.  although  there  are  few.  it  any,  places  where  these  all  coincide,  tempera¬ 
tures  ol  the  eoliles i  month  are  analogous  oxer  about  the  nor  t her  n  two  thuds  ol  the  region,  reaching  the  Mc.lt 
teirancan  .oast  in  most  pla.es  Ateas  where  temperature'  ol  the  waimc-t  month  ate  analogous  do  not  lie  -o 
tar  ninth  but  extend  south  want  bcxornl  the  southern  limit  -  ot  anility .  merging  into  the  perennially  hot.  tropi 
cal  regions  In  the  interior,  onlx  the  higher  clex.ition-  ot  the  1 1  he- 1 1  Mountains  and  the  highlands  ol  1  nnedi 
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coastal  stations  .iikI  in  l he  sicuius  ol  i he  Seistan  Basin  ne.u  the  venter  ol  the  teenm  Smninci  dot  pour  .o  . 
analogous  ill  a  1 0111(1,(1.1 1  n  oh  it. 1 1  io\s  Kind  between  llir  In  mid  t  moils  ili.il  .or  mi  I-  u  .  I  to  iii.nn  onr  ini  In.  n. r 
.uul  the  ill  \  highland  legions  ot  K.tslunu.  Afghanistan.  .uul  It.tn  I  hr-  .ui.iloroii  •  Kind  i>  iii.Ii  i  in  «i  .irin 
Baltic  liii i. id  and  mg'  nonhiu-'i  neai  the  Meisi.ui  i  *u!t  .  o.i'*  i  ,  ■  i lie  not'hwestetn  hoi  dr1  ol  1 1  an  I  hr  gt  eai 
rsi  .  outc  idem  c  ot  analogs  ot  romhtned  climatic  rlrinrnjs  i  in  the  we-tcin  Halm  Install.  sliossn  In  ,c 
roi  ih  ot  I  ’.til  j  kin  i ,  a  m  mil. u  ai  ra  ot  nr  at  h  lota!  ana  tors  .s  tom  id  m  the  Indie  K  i  \  rt  \  alios  ot  \\  e>t  I’ak  i  -  tail  m 
thesicinils  ot  Bahassalpui 

I'l  sowrt  M idd/r  \wa' 

"Ml  ot  Sin  ir:  Middle  Via  e  nm  tli  o!  the  latitude  ot  f  mua.  and  most  ot  n  e  fire 
loie.  loo  root  lot  tern  pet  a  tine  ana  lor  s  with  1  unia  In  i  nr  r\i  me  so  . '  h .  how  e\  ei .  two  ate.i-  'i,ne  mimuuci 
leiiipei.ituies  high  enough  to  he  analogous  W  inters  ate  much  .olde:  than  at  1  tuna  Mean  amiiia'  pi  c\  ipita 
lion  is  analogous  <2  to  b  me  best  oi  ei  a  Luge  a  tea  i  s  tending  1 1  o:n  .  he  l  a'pian  Sea  to  the  toot  o!  tne  I  ten  sh,  an 
Approsiniatels  the  same  atea  is  analogous  oi  semianalogous  to  N  unia  in  tespeet  to  mean  litis  Join)  cosei. 
with  less  than  thiee  ’enths  ot  sh\  unci  \|ran  Inis  w uul  speed'  ate  analogous  oi  semianalogous  tie"  than  i 2 
mph  i  at  all  stations  tot  w  hi.  h  data  ate  a'  atlahlr  es,  rp:  Hahn  on  the  l  a'pian  loan,  w  het  e  a  mean  ot  Id  nip  It  o 
recorded  Sum  met  dew  point  ■  aie  ana  lotions  m  the  soinhw  estei  n  poi  •  ion  ot  the  '>  mh  at  ea.  ills  Uul  me  the  \i  a  I 
Sea  and  the  l  aspian  Sea  legions  1  he  eteate'!  coincidence  ol  analogs  oi  combined  climatic  elements  is  m  >he 
.■vtietiie  southern  portion  of  the  sftidi  urea  I  rime/  on  the  Atgh.uiisian  hotdet  is  clmtatieallN  most  similar  to 
1  nma;  mils  the  occmtetice  ot  lowei  to.tiiei  tempei .mites  at  le’iiuv  p'esent'  analoes  ol  all  climatic  elements 
ins  estigated 


(hf  (  '/t.-m'se  /tims’  Vr.t“ 

"No  (i.i 1 1  ot  (.  huu'sr  Innet  Asia  is  chmalnalls  analo,eous  to  N  unia  in  both  winiei  and 
Minimei  W  inters  are  tat  too  cold  esetssshete  to  be  coii'tdeted  analogous.  and  summers  ate  too  .ool  in  most 
places,  hn!  in  summei  one  'inall  area  the  Iinlan  liepiession  in  Smkiang  is  much  like  '1  uma  in  respect  to 
temperature  and  precipitation  Considering  onls  mean  lempei.itiue  tor  the  wannest  month,  tor  which  the 
Yuma  s altie  is  fl  I  .  the  atea  ot  compaiahilits  (ssithin  *•  I  )  also  includes  the  \alles  ot  the  Wei  Ho  in  Micn'i 
pios  nice.  A  large  pun  ion  ot  the  studs  at  ea  has  mean  annual  pi  ee  ipita  non  hetsseen  2  and  h  me  lies  and  is  ihet  e- 
loie  ronsidered  analogous  to  the  >  mria  mean  <>l  1  4  inches.  Much  ol  the  1  anm  Basin  has  a  mean  of  less  than 
d  inches  and  is  thus  semian. i  logons  in  Y  uma  I  he  emu  e  area  has  mean  cloudiness  gi  eater  than  .‘'.(tin  Juls .  too 
high  to  be  analogous  to  the  'i  uma  aserage  0  In  Mean  luls  ssmd  speeds  ate  analogous  to  sennanalogous  (less 
than  Id  mph)  at  all  stations  tor  which  data  are  asailahle  Most  ol  Chinese  Inner  Asia  has  lower  dew  points 
than  \  uma;  onls  in  the  mote  humid  southeast  are  dew  point'  ot  the  same  order  as,  or  higher  than,  the  August 
s alue  of  64  I  at  Y  uma 

(')  l  usf  (  r/tfr.t/  Africa'-’ 

"In  1  asi  l  ential  Aliic.i.  slmiaiic  analogies  with  N  uma  loi  must  elements  ate  testncled 
to  relatisels  small  areas  I  emperatuies  dining  the  warmest  month  are  analogous  along  the  narrow  coastal 
'I  i  tp  that  borders  the  Red  Sea  and  the  l  mil  of  Aden  and  in  sections  ol  interior  Somalia  and  kens  a  I  hr  ml  r 
nor  highlands  are  too  coo)  lor  analog*  dining  thr  warmest  month  bin  in  the  coldest  month  base  analogous 


12.1 


'•  a  i 


v  a 


‘  ’■  ^  appa  •  »  \ :  p 


un  '  ;s  m*  t»\  ft  i  ip  in  I  .  i  ^ f  i  -ml 
M  ill'-  \ u  a  • ' !  .inai.'in  •  r-  !?>:■ 
a  a:  n ; "  •’  non1  ‘i  ana*.  m‘\  :mi  •  ’. 
i :  i  T' « :  .1 .  ■  t :  r  t  : '  .  m  .  u 


1  1  ti  a  I  ■  l‘  [’  \  IP:  t\l  .1  At 

a  i.i  n  ik'  \A  ; 1 1 ! j ’ '  I  . i  :  *  : 


;!fl\  (  •*  *  UP’  <  Hmiii1  U<  *'t  !  Ik*  kf-a .  V  .imill.ll  '.illgr  .;!  'l  Ullui, 

i1  Hi’iwirn  .*iv,r  •'!  umptiauur  an.ilcpA  t * «r  the  'Aarim'-’  ami  soltlc  t 

■ .  an ’.a1  pi .  s.  :  r  a  > : ;  i  '  *  •  n  ill.  ! :•  i  - ;  :i  i.!r  laf  r  .  ■  ■  a  i!  I>  !  Mr  v  i  m  ! .* !  a  a  « 1  ’ 

nl  'tit  in! .  :  <  *n!\  •  >.  .i  n  i  >.  *ja!r.:  j  -  ►  r>  a  J  .u  t  ill  '  t '  I  akr  K  ml*  »i  I  Mia 

,t  ■  l  a  t 1  a  ‘  *  t’  i  * '  .  .1:  :t*l  *  U  :  Ai  I.  a*  It*  a  .  ..a  a  a  I  a  If  a  .  •!  I  MlU\i  a;;.!  Hi  ill  ■ 

*.  ’  ■ . 1  a  . .  ‘  i 1 '  :  ■  .  v  .  ■  <  •  1  .  f  1  M  .  i :  . !  •  •  mm!  a :  *. '  .  « » !  I  a  j  i  }  f  i  a Hi  I : ,  r  I 1  1 1 . 

• ;  V  P  Hu  i  i!  t :  nr  fit"' ’  M  -  i  •.  i.f  mU!  « •*  Mrai 

' '  •  '  .  .  •  ’  •  •  •  S  !  a  »  J.  •.  I"  '  ‘  i  A  . I  I  ;  •  • '  .  ■  '  '  , K  f .  'i  '  ■  a  . 1  * , , .  V  !  I 

f 1  t  •  n»Ur  J  a  •  *  I :  i:  ’  i  '  n  :  op \ij*  ^.uljium  m>:  vU  i  .  c !  u'  'a  j  f  •  r .  a  ii:  !  J.i'a  a. :  ■ 

:  i  \  ' '  .  .  ■  i'.f  •  •  a  •  .  pm .  .  ;  .  .  a  an.Mi ‘j;.  ' . '  >  ■  i uia  !  ■  • . , a ’ f  M  fa  i  ••  r  • 

!m.  •  P.  -s'  \  '  •  •  ;  ii "t  a  'i  um.i  i  .  r  •.  p  .  ;  »r  :  ‘ 


’n  a-  •.  •.  \ :  ■.  .  ;  •  v  • » r  •  a.  •  iii,i:.i  V'  i»'  ‘.'it’  ..  i.im-.u  ft 


r 

na 

" 

a  >  .  r '  a  \A 

i 

■ ;  '  r  ’ 

prut 

ar  ana  *»r 

••  -u. 

...  ... 

\  '  ■ 1  .1  Ml. 

i 

.  .  1 

a 

h" 

i  i 

UPJ’tl  /. 

a: 

J  :n 

.i!  ,il'  :• 

if 

.livs!  K.ll. 

tiar: 

li.isin  . 

r  Ilk  (  4  *J 

n.i:  : 

•  ,a 

:  ■  i  r 

s. 

at. 

rp 

•  ;\\.<  p-  •• 

MP'  urn 

>“  !-■ 

■  .k-sii 

s, 

s 1*1  IT'*  : 

U'mpri  a! « 

i 1 

arP 

.  1. 

■’  '  r.iA, 

...  ..  • 

4  f.  ■ :  >  s . 

. r i a P* 

'll  • 

p  r  ssi' 

s'  K 

';.il 

1  stilt 

■w 

> 

iV. 

,>i 

rs ; 

{. 

■■ 

■urn.  r*.  i 

:f  .. 

s .t  . 

N  .11’ 

i  ■  I  •  <  . 

Mr  !  i n v a 

'  h  urn 

pt :  s 

a  Ma 

i< 

' 1 ' 

' ! 

• 

...  .  i-  a 

. .! 

I1-  .a 

'.P.P  -ll.s 

A  t 

.a :»  vi; 

...l-l.s 

\ 

an. 

1.  1 

.  \. 

t’!ii  hr  . 

•rf-i.il 

ra 

u  .it 

W  I* 

•  ■ '  pr 

:  nu’  i 

.llMlli.il  JMi 

IJMt.il  Mil 

a  na, 

O  A 

MIC 

i 

,.K 

>’  ^ 

Ml 

lie  apian 

•a  Ho;  1;  !  -  Ill 

:k 

mu 

•  :t'f  piau- 

f ,  *'i  * 

lit  A  P  A«. 

pa '  .I 

;r-  Hu* 

sine:  tli.ti 

'l  Mill. 

A  ■ ' 

UP  !  i 

.ri 

M 

l 

.  »  A 

an 

!,  t '  ,'iii  ’ 

•A 

l;!f .. 

;n.;U  an 

\ 

•  n  s.  m  !  a 

,,"S 

.Mill-  S 

.'M’.i'U’.'si 

.in.iloiis  :<• 

Pp 

c 

r 

P-» 

11.  ’  :  •  1  •  :  !  : 

i  a' 

.....  n. 

i :■  r r  p« 

i  a  p.  i 

.  -  lot 

ills'  u .ii  ■: 

'a’-'  a  a 

!  -  ' 

Is' 

5  ’ 

' 

n . 

; 

t '  a  * : i : 

a  i  * ! :  i ;  ■  ■ "  f  -  ■  ■ 

.j. 

h'l.  ,u..i 

;a '  a : -a 

:.>!■:•  -  m 

>  an 

.  :  V  !  A 

vii  mean 

snips' 

..  i  u : 

’  to* 

■■ 

-■ 

m . 

111*1  ! 

.  1  .  ■ 

i;*it 

>1 

r  i. p-s  1 

.1,  V 

■a  r  -• ' 

•  » :  ?*U 

u!r:;oi  p 

.Cs'.ill 

!  I  f 

I'’ 

' 

■■!r 

:um 

'■  ■!!  ■ 

an 

.  t  •’ « 

»  »'•  riati  t 

Mil. ill. 

*  *:ia| 

IlM.  ibis' 

•si  1>  1 1 1.1  T  '  1  \ 

i'sMSSs' 

rn  N 

mn.i 

.  K 

-e 

»> 

A  *  M  .1  i 

-  1  .  •  1  > 

'  S 

1  It'll  .  •  'A  ! 

ill  '  ■.■■■ 

P  v‘  mo 

».  p 

1 !  1  \  UP 

p-p  .11  r  ■  c 

i  .mi!  . 

A 

MS" 

\ 

l..!:0  ■- 

•  .  P;  ! rtv  a\ 

.  i 

•:  -  '■!. 

,  Um.i  .in. 

ill:!' 

in.!  i  • 

U*  Ilia.  AVt 

purr  n 

\:  i . 

si  r 

VYH 

.ii 

i. 

■  :ih  .!iii 

I  r  i  m 

•’  H'l  ilia 

ii *r  \  u  ’ 

.I.  >  uni,!. 

>'  /A  \ 

"  N  1  a’  •  a  -  ’J  i  !o*  c  an.dorv  ( « '  'l  am  t  ’  anatf  i**  1  on  ml  in  ^tui!1*  \ :  1 1 1*  t  k  a  \  Hus  ;*\  t 1  .  ^  hf  •' 
vlun.tif  a  •  .  a\  !?!•.  d  \  n*v,T  u  '.apes  ai'as  f  !v>i  \\w  vx'UiC'l  r.u'inn  vm  ;iu\m  arauia1. 

•  .ii  •  a,-  v  :■  -  •!>  a’lauu  i'v!'  W  lull  j-  «'  v*i  vanur.a;' \i’\  ate  atUKal.  u'll.un  vlmiafu  ol 
«  K*  >'■  ':t  pa;  a  U1  >  lira  «  '  mi;.  '  la  t  on!  iiu  il! . 

'A  -!  auMili  irnipi  i  ai  Hi  a  analt'P'  ^vr.'is  m  lunlu’ii)  X'i’fnima.  >k'in  1'aia 
k'tia  . .  ,".i  *  .we;  a  Hoi  .  m  (  oM.  •!  mi  mi  ill  H  u:  pt’i  aim  <*  anaii'cv  i>  !«  imj  on  the  no  i  I'lfin  a'.N  t>l  i  hilc.  uu‘ 
\  mi  Iran  '  * »» M  Ii  * 1 1  ■  >!  *a  ri  in  ; .  I\ni,  a  ml  (lit'  I  uhlaiuK  :  >1  I  .  muloi .  <  oU>m  Hin.  .nu!  \  r:if /urla  On  *  hr  r.iMi'i  n 
. :  1 1  r  » 1 1  far  Amirs,  moii’  aira  o»  ana  lor  \  air  ton  ml  in  HuIimiu  l  mi:u;i\,  -iMUlk’in  Hta/tl,  .uul  i  hr  Uuv  laiuis  »>! 
?  1 1  *  i  j  I » r  1 1 :  X'v’rniim:  Mr.in  H.nU  maximum  'rmpri.tfiur  an.  ilorx  is  routined  lo  a  small  aim  ol  nottlutn 
V  i  w* * •  i * ’  "  M  lit  Ii  ol  m  v  H  ri  n  \ ;  r*  r  •  ina.  •  <>n n  Hi  <  ■  ti .  I  '  uruav .  aiui  tiiiinu  .iums  rl  ; hr  Amirs.  ,iu'  .in.u 


124 


r 


ogotis  I  or  mean  datlv  temperatures  dining  ltd1  coldest  month  Analogous  mean  daily  lempeianne  ranges  are 
tumid  throughout  most  ol  Aigenlina.  I  ruguay.  and  Paraguay .  and  ai  yanous  elevations  in  the  Andes  and  (he 
upland  legions  of  the  northern  eounmes  in  the  study  area.  A  small  area  ol  absolute  maximum  temperature 
analogy  exists  in  northern  Argentina.  A  narrow  strip  of  precipitation  analogy  is  found  in  Peru  and  extends 
southward  to  central  Chile  between  the  drier  coastal  loss  lands  and  the  wetter  uplands,  as  well  as  m  northwest 
er n  Argentina  Warmest  month  cloudiness  analogy  is  found  in  the  wester n  foothills  of  the  Andes  between  22' 
and  1 7  South  latitude.  Analogous  areas  of  wind  speed  are  found  oxer  most  of  the  study  area  I  here  are  no 
regions  of  mean  dew  point  analogs  for  the  warmest  month  or  mean  relative  humidity  for  the  driest  month  in 
South  America.” 

(10)  .Ausf raliaf,< 

"I  he  climate  in  much  of  Australia  is  analogous  to  that  at  Yuma  in  one  or  more  el¬ 
ements,  especially  mean  monthly  temperature  I  lie  non  analogous  areas  are  the  higher  mountain  areas  and 
the  east  coastal  lowlands  l  he  continent  is  much  more  comparable  to  Yuma  in  winter  than  in  summer.  Most 
of  the  continent  receives  too  much  precipitation  for  close  analogy  of  more  than  two  elements,  except  in  the 
1  ake  l  yre  basin.  I  sen  here,  the  analogous  delimitation  is  based  on  extrapolated  values  rather  than  on  station 
data  within  the  region  I  veil  the  driest  station  m  Australia  receives  more  rain  than  Yuma.  Mean  relative  hu¬ 
midities,  however,  in  more  than  half  the  continent  are  analogous  to  those  at  Yuma.  The  absolute  maximum 
temperature,  127  i  ,  at  Cloncurry  comes  within  one  degree  of  being  too  high  for  analogy.  A  general  paucity 
of  interior  stations  prevents  a  thorough  analysis  of  Australian  climates,  and  anv  climatic  analog  study  must  be 
considered  provisional.” 

h.  Terrain 

(1)  General 

1  he  effect  of  scale  is  also  significant  in  applying  the  terrain  analogs,  and  in  evaluating 
then  usefulness,  possibly  more  so  than  with  tespect  to  the  climatic  analogs.  W  hereas  climatic  factors  at  >  lima 
aie  relatively  homogeneous  from  area  to  area  and  within  usual  working  heights  above  ground  surface,  consid¬ 
erable  variations  mav  exist  in  terrain  characteristics  at  ground  surface  and  below  within  those  same  area  dif¬ 
ferentials.  In  addition,  (lie  relative  significance  of  terrain  characteristics  depends  heavily  on  the  intended  ter¬ 
rain  use,  such  as  movement  of  material  or  personnel  over  it,  excavation,  construction,  camouflage,  conceal¬ 
ment,  projectile  impact,  seismic  shock,  etc.  Granting  the  importance  of  those  variables,  estimating  the 
comparability  of  Yf’G  and  other  desert  areas  is  heavily  dependent  on  the  accuracy  with  which  terrain  charac¬ 
teristics  of  each  arc  represented.  Qualitative  methods  consist  of  written  descriptions  and  photographs  or  other 
pictorial  representations,  which  depend  on  skill  in  word  usage,  photography,  artistry,  etc.,  causing  such 
methods  to  be  subjective  and  diff  icult  to  use  for  comparison  purposes. 

The  terrain  analog-.”  adopt  a  quantitative  approach  in  which  the  following  terrain 
characteristics  are  represented  numerically  (see  also  Para.  II. A. 5  of  this  report): 

Characteristic  slope  Soil  consistency 

Characteristic  relief  Surface  rock 

Occurrence  of  slopes  greater  than  50  percent  Vegetation 

Characteristic  plan-profile  Generalized  landscape 

Soil  type 
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Bv  assignment  of  nunictical  values  to  various  degrees  01  eomposiiions  of  each  charac 
teristii  i'm  a  mapped  area,  a  numerical  lepresentation  is  achieved  for  the  ground  area  mapped  F  he  degree  ol 
analogs  between  two  areas,  such  as  >  PG  and  a  world  deseit  area,  is  thus  repiesenled  bv  comparison  of  nu 
merical  descriptors  ligure  111-27  is  such  a  reptesentation  for  VPCi  plan  profile,  figure  I1I-2K  a  representation 
(01  general  landscape,  and  figure  III  24  a  reptesentation  fot  soil  consistency  Vvith  the  same  treatment 
acvoided  some  oihet  desert  area,  the  dcgioe  ol  analogs  tor  these  specific  features  is  ascertainable  bv  numeti 
cal  comparison  In  I  igure  III  do.  a  Geometry  Analog  or  1  andform  Analog  (comprising  appropr.ate  analyses 
ol  such  as  figures  111-2'  and  2  S  >  indicates  the  degree  of  analogy  between  specific  areas  of  YPG  and  the  north 
west  African  Desert  (not  sliowni  I  oi  example,  with,  the  analogs  toi  both  areas  available,  it  can  be  seen  that 
King  \  alley  is  analogous  to  a  large  area  in  northwest  Niger,  and  portions  of  the  lank  Mountains,  Palomas 
Mountains,  Castle  Dome  Mountains,  Muggins  Mountains,  and  Chocolate  Mountains  are  analogous  to  an  ex 
tensive  area  in  Algeria  north,  not  t  ft  west,  and  northeast  of  I  on  I  ape;  nine.  Similarly .  with  appropriate  terrain 
analogs  it  hand,  areas  of  YI’G  tetiain,  analogous  or  not  analogous  to  oihet  world  deserts,  could  be  ascer¬ 
tained.  lo  date,  there  appear  to  be  two  obstacles  to  use  of  the  terrain  analogs  for  materiel  testing  and  test 
planning,  both  bearing  on  accuracy  Some  of  the  teirain  lactor  maps,  such  as  Characteristic  Plan-Ptofilc.  are 
based  on  random  sampling  of  areas  within  a  I  mile  diameter  circle,  in  which  differences  in  surface  elevation 
ol  less  than  It)  It  ate  not  considered.  Another  obstacle  is  that  of  describing  the  boundaries  of  an  area  of  inter¬ 
est  with  sufficient  accuracy  that  it  can  be  located  precisely  on  a  plane  map  Depending  on  the  type  of  material 
to  be  tested,  a  change  in  ground  elevation  of  10  ft  or  the  profile  of  a  wash  may  present  test  conditions  not 
truly  representative  of  the  performance  requirements  of  the  item.  T  he  obstacle  of  accurately  describing  and 
delineating  on  a  map  the  ground  location  of  a  specific  ground  area  has  to  do  with  problems  of  cartography 
and  map  reproduction,  modification,  and  interpretation.  As  examples,  the  YPG  areas  of  terrain  character 
t/ed  imi  each  plate  ol  the  terrain  analogs  cover  an  area  of  one  degree  of  longitude  and  one-half  degree  of  lati¬ 
tude-,  a  major  part  but  not  all  of  \  PG  Indices  tor  reference  are  the  lines  of  longitude.  1 14  00'  and  latitude. 
"  00'.  with  tics  indicating  15'  intervals  along  the  D  00  line  I  he  Proving  Ground  boundaries  are  not 

shown  I  he  scale  of  the  printed  area  is  approximately  1 :400,(XK>  Identification  of  a  salient  mapped  feature  on 
the  Piovmg  Ground  surlace  is.  thus,  subject  to  distortion'  inherent  in  reproduction  processes,  magnified  by 
i  he  map  scale 


2.  Conclusions 

(  onclusions  m  the  various  terrain  analogs  take  such  forms  as  the  following. 

In  general  terms,  the  terrain  of  the  Northwest  African  desert  is  moderately  analogous  to  that  at 
Yuma  P'oving  Ground.  Approximately  22  percent  of  the  study  area  is  highly  analogous.  41  percent  is  moder¬ 
ately  analogous,  f 5  percent  is  slightly  analogous,  and  .5  percent  is  inappreciably  analogous  to  terrain  types 
found  at  Yuma.  I  wo  areas  of  the  T  agant  Plateau  in  the  extreme  southern  part  of  Mauritania,  occupying  less 
than  I  percent  of  Ihe  study  area,  fall  within  the  not  analogous  category. 

Highly  analogous  areas  arc  found  within  all  of  the  physiographic  units  of  NW  A  except  the  plateau 
legions  Mountainous  regions  mapped  as  highly  analogous  include  the  Ahaggai.  the  eastern  part  of  the  An. 
arid  the  Anti  Atlas 

Ihe  eastern  half  ot  the  Grand  I  rg  Oriental,  the  I  rg  Chech,  the  dunes  and  hill  lands  of  Spanish 
s.di.iia.  and  numerous  desert  plain  areas  scattered  throughout  the  studs  area  were  included  in  (he  highly 
analogous  v ategory 
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FIGURE  III  28  U  S  ARMY  YUMA  PROVING  GROUND  (PARTIAL!  GENERALIZED  LANDSCAPE 
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Plain',  comprise  the  majority  of  the  physiographic  types  within  the  moderately  analogous  cat¬ 
egory  These  plains  include  the  Tane/rouft,  Aouker  Basin,  F.l  Djouf,  Admer,  Northern  Tenere,  the  depres¬ 
sion  plains  of  Algeria  and  Mauritania,  the  flood  plain  of  the  Niger  Riser,  and  the  Tunisian  coastal  plain  The 
High  Atlas.  Saharien  Atlas,  and  the  western  Air  Mountains  proved  to  be  moderately  analogous  to  their  Y uma 
counterpart  The  hill  lands  of  Adrar  des  Iforas  and  the  dunes  of  Irrarene,  Makteir,  and  the  Grand  Fry  ( )cci 
dental  were  also  mapped  as  moderately  analogous. 

Included  in  the  slightly  analogous  category  are  the  plateau  regions  of  El  Hank,  Tademait,  the 
Southern  Tassili,  and  the  Hamada  du  Guir;  the  clay  plains  of  Southeastern  Niger,  the  Southern  Tenere  and 
numerous  other  plain  areas  throughout  the  study  area;  and  the  dune  areas  of  Southwestern  Mauritania. 

Inappreciably  analogous  areas  are  confined  chiefly  to  the  Algerian  High  Plateau,  the  Tassili-n 
Ajjer,  the  Spanish  Sahara  plateaus,  the  Hamada  de  Tinghert,  and  the  Plateau  of  Irhaquriten. 

At  the  expense  of  repetition,  these  documents  develop  analogs  of  foreign  desert  areas  with  YPG 
(inherent  in  the  analog  design),  whereas  it  is  the  intent  of  this  document  to  show  areas  of  YPG  that  are  anal 
ogous  to  other  desert  areas  The  generalities  of  a  summary  of  such  d“tail  as  contained  in  the  terrain  analogs 
do  not  compare  specific  areas  of  foreign  deserts  with  spcLific  areas  of  YPG.  To  elaborate  in  detail  necessary 
to  do  so,  although  very  useful,  might  result  in  an  overly  cumbersome  document 
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b  t  iling  ungcx  ot  adequate  length  foi  the  weapons  to  be  tested,  with  sale  vertical  airspace  and 
width  and  wnh  adequate  impact  areas  and  targets,  as  tequtred  Ranges  lor  lank  guns  and  an 
to-ground  missiles  require  both  fixed  and  moving  target  ranges  having  necessarily  increased 
impact  dispersion  limits.  Aieas  used  for  emplacement  of  mines  under  precisely  controlled 
conditions  should  also  be  considered  as  range  facilities 


e.  Non-firing  ranges  or  target  arras  s  for  determining  perlormance  and  accuracy  ol  sighting  and 
ranging  systems,  gun- pointing  systems,  and  missile  guidance  and  control  systems. 


d  Transportation  of  weapons  and  munitions  includes  travel  over  varied  terrain,  simulating 
communication  /one  to  forward  depot.  forward  depot  to  forward  s apply  point,  and  tactical 
transportation  to  point  ot  emplacement  or  use  Typically,  such  travel  might  include  paved 
and  secondary  roads  and  cross-country  courses  m  sandy,  gravelly,  and  rocky  desert  terrain 
on  such  a  schedule  as:'1' 


To  forward  Depot 
To  forward  Su-  ply  Point 
Tactical  Movement 


50-rm  paved.  150-mi  secondary  road 
T5-mi  secondary  road 
'0  tin  sandy  desert,  cross-country 
Rt-tm  gravelly  desert,  cross-country 
"‘'-mi  rocky  desert,  cross-country 


4 


Tactical  deployment  might  be  mote  specifically  divided,  as  indicated  in  Table  IV-1.  into  types  ol 
cross  country  tertain,  with  regard  to  the  types  of  weapon  systems  involved,  for  more  realistic  simulation. 

TABLE  IV  1.  GROUP  CLASSIFICATION  OF  ARMAMENT  AND  INDIVIDUAL  WEAPONS 


Light  and  Medium 


Desert 

Terrain 

Individual  Small 

Arms  (Not 

Crew  Served! 

Weight  Crew 

Served  Weapons*  * 

Towed 

Weapons 

Self 

Propelled 

Component 

Hand 

Carried 

Vehicle 

Carried 

_J 

Weapons 

Secondary  Roads* 

to 

10 

50 

70 

20 

Mountains 

8 

8 

12 

21 

22 

Badlands7  Hills 

3 

3 

5 

8 

9 

Fans  Washes 

8 

8 

” 

19 

20 

Plains/  Flats 

19 

19 

27 

47 

49 

Dunes  Fields 

7 

7 

10 

20 

20 

Dust 

10 

to 

10 

10 

_  _ 

10 

Totals' *• 

55 

. . . 

55 

75 

125 

130 

(Not  including 

Secondary  Roadsi 

i 

•First  deployment  cycle  only  not  to  be  included  m  second  and  thud  cycles 

“"Some  crew  served  weapons  are  hand  earned  le  g  the  90  mm  recoiiless  rifle*,  and  others  are  vehicle  earned  le  g  ,  the  106  mm 
recoilless  carried  during  tactu  ai  deployment  as  applicable  In  other  words  one  case  or  the  other  will  apply  not  both 
‘•‘The  total  mileages  grven  m  this  fable  are  generally  arbitrary  However  deviation  should  be  avorded  so  that  subsequent  tests  may 
be  effectively  compared 

The  dust  course  mileages  are  subtracted  from  the  total  mileages,  and  the  remainder  is  divided  amont  the  world  s  principle  desert 
terrain  components  according  to  The  pf*r<  pntagp  of  total  world  desert  area  that  each  component  occupies 
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I'l't  i  Ilk  link's  .ill  ot  I  lit  ".I  is  pm  I  -  it)  p:  ;  ;>.i  l  .Hum.  IIK'.I  HH.IIH.nl ,  d.ll.l  1 1 .11 1  Ml]  I'  Ml  Ml  .11  kl  !  ei  ll!  illlll’ .  data  a  .'MU. 
sis  .iikI  reporting.  without  tthiili  ilk-  testing  would  In.-  meaningless  Both  lived  ami  poitable  iii -t  i  ument.i'  ion 
Utilities  .in-  necessuiy  I  ised  installations  include  data  ttaiiMiiKskin  and  teeotding  and  computet  tennmals. 
poti.ible  l.kiliik's  include  iiisiiiimcniaimn  ih.it  is  ti.ulct  mounted.  installed  on  materiel,  or  velmk  'tin 
poi  leil  \n  1  n  si  i  u  men  tat  mn  I  a  hot  atoi  \  shat  ged  with  development .  prot.ii  lenient ,  set  \  is  me.  c  alibi  at  me .  malt, 
’at  n  me.  'iipplv  me  and.  on  oeeasion,  t  ipet  at  me  stieli  msti  uments  should  I'e  as  at  la  hie 

Adjunct  siippoi:  s>  I  a  eomptiiei  stall,  photographic  lahoratot  v .  materials  ami  eliemical  l.tbotatotv,  and. 
a  lee  It  meal  lihi  ar  \  ate  also  essentia! 


E  TEST  PROCEDURES 

\  separate  lest  Opetanotis  l‘: occ.hu e  (  D'l’i  Ini'  been  developed  loi  eaeh  type  o!  matenel.  ait.:  tins 
must  he  studied  to  determine  the  del  at  lest  t  v\jui:emcnt'  mt  a  t  ■  >  go  en  item .  Sik  h  test  pi  oeed  tires  delineate  pro 
visions  to  aseoinmodate  the  life  e\ele  sondit  ioiK  e\pc.  ted  tv' t  the  tv  pe  ot  test  item  comer  tied,  and  eaeh  pokc- 
dnie  outlines  -.pee  t  lie  data  to  be  s  ol  lee  led  and  U'k '  to  be  aeeoniplished  In  soinmon.  tne'e  procedure-  e;,  hide 
prov  i s ton s  for  the  follow  me 

•  Test  Preparation.  Review  what  is  to  be  tested,  the  data  and  information  to  be  obtained.  a:i. 
facility  and  support  tequii ements. 

•  Recording  Test  Item .  (dentil > mg  the  test  uetn  and  ensuring  .tv utiahiJtr y  of  ail  operating  . mJ  mum 
lenance  mtoimation  ami  supporting  supplies 

•  Inspection.  ( Initial,  and  after  each  storage,  transportation  ami  operation  phase) 

•  /esf  Iran  Re.iJmess  -  Assuring  that  the  item  is  ready  for  test 

•  / t's f  Iran  (  /range'  Determining  changes  occurring  m  the  item  resulting  tiom  each  :e-o 
phase 

•  Storage  and  Exposure,  lo  simulate  forward  depot,  forward  supple  point,  and  opetaltona!  field 
supple  or  storage 

•  Transportation,  lo  simulate  transportation  to  forward  depot,  forward  supplv  point,  and  to  and 
around  the  user  domain  (bat  lie- field  I 

•  Functioning.  I’laemg  the  test  item  in  operational  configuration  with  necessary  perfoimanee  me.i 
vu  ring  nisi  rumen  tat  ion.  photographs .  and  data  recording  sy  stems  installed,  operating  with  appt  o 
prune  controls  and  sat  eguaids  and  recording  all  pen  mem  per  formance  and  en\  ironnient.il  cruet  ta 

•  Safety. 

•  f’u  /os?  1  nsiunig.  t'tioi  to  operation  and  hetoie  and  vluring  eaeh  phase  ot  the  test  cvcle, 
tlt.n  .til  s.iicts  ' 1. 1 1  e men l-  and  i ele.tsgs  ha v e  been  proper l\  executed  and  that  s.dctv  limitation . 
are  under  -  ’oOil  and  oh  set  veil  I",  all  pci  sunnel  involved  m  the  testing  operation 
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poi  i  includes  .ill  ol  I hi>M  I'.pcv. I s  i >l  pH  pat ,n ion .  imim  [iianini.  J.it.i  1 1 an  miii -  nm  ,iikI  r  ci < n ding .  data  ai.aly 
'is  .mil  reporting.  without  which  tin-  ii'iiiiL’  u iui lil  hi-  meaningless  Hnih  lived  and  portable  iri'iMiriicrnuiimi 
l.Kilnii-s  an-  necessary  1  i\i-d  installations  include  data  iiaiiMiii'Mini  and  ri-irndm^  and  computet  terminals; 
pnii.  il'li-  l.iiililii-s  include  nisli  umeiuaiion  llial  i'  tiaili-i  mminli-d.  installed  on  materiel.  or  vcIikIi  Han- 
poi  ii-d  \n  msii  u mental  1011  I  a  hot.it  01  \  diaiiii!  mill  dev  i-lopnii-nl .  pim  iimiii  iil .  set  Mi  in  11.  1  all  hi  at  mg.  mairi 
Mi  11 1  lit.  'iipplv  int  and.  on  occasion.  optr  Hint  'itch  in-'l  1  unit  ills  'In  hi  Id  hi-  av  ailahle 

\djniK  1  'ii  ppm  :  ol  a  'Oil  1  pul  i-i  Malt,  photograph!.  labor  a:  01  v .  nialti  iah  and  .  Iiemual  lahotatot  v .  and 
a  it.  Inn.  a  I  lihtatv  an  a  ho  i"i-ni  ia! 


I  TEST  PROCEDURES 

\  separate  lest  Opeiation-  l’:aa--Juii'  (tt'l'i  Ii.h  heen  developed  tor  each  type  of  materiel,  arid  thn 
1  n  11  m  be  studied  to  sitter  mine  Hie  detailed  1  i\jui:  -.  ment  ‘  ■  t  any  iiu-n  item .  Su.  h  test  pi  used  ures  delineate  pro- 
s  isiotis  to  .1  isiint  1nod.11  e  the  hie  . v . Ic  londitioti'  expected  lor  the  ts  pe  ot  test  item  cor.eerned,  and  eat  It  ptote- 
date  outlines  spet  it  is  data  t.  -  be  s  olle.  ted  and  M'k  to  be  accomplished  In  sominon.  ttit'e  procedure'  include 
provisions  lor  the  following 

•  Test  Preparation.  Review  what  is  to  be  tested,  the  data  and  information  to  be  obtained,  and 
t .is’ lilts  and  siippot;  ; e.pai'ein. nt ' 

•  Recording  Test  Item.  Idcntitvmg  the  test  item  and  ensuring  availability  of  all  operating  and  main 
tenante  intoimation  ,hkI  supporting  supplies 

•  Inspection,  i  Initial,  and  aider  each  storage,  transportation  and  operation  phase) 

•  Zest  Item  Readiness— Assuring  that  the  item  is  ready  for  test 

•  / c-sr  Item  (  /ranges  Determining  changes  occurring  in  the  item  resulting  from  easli  test 
phase 

•  Storage  and  Exposure.  lo  simulate  forward  depot,  forward  supply  point,  and  operational  field 
supply  or  storage 

•  Transportation.  To  simulate  transportation  to  forward  depot,  forward  supple  point,  and  to  and 
around  the  user  domain  (battle-field) 

•  Functioning.  Plaiiiig  the  test  item  in  operational  configuration,  with  necessary  performance  mea¬ 
suring  instrumentation,  photography,  and  data  recording  systems  installed;  operating  with  appro¬ 
priate  controls  and  safeguards  and  recording  all  pertinent  performance  and  environmental  criteria 

•  Safety. 

•  /’re  Test  Ensuring,  prior  to  operation  and  before  and  during  each  phase  of  the  test  cvcle. 
lhat  all  safety  statements  and  releases  have  been  properly  executed  and  that  safety  limitations 
are  understood  and  observed  be  all  personnel  involved  in  the  testing  operation 
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•  !>i'ii  u  /cs,  K  t  .  i \v  i ! ;  i ! !  ,|n|': i  ,■!  t!  •.  i.  i.i, i-:  • ...  I  .kicii  and  '  i  j  t  : .  nu'ii  mi!  in  jail  '• 

,!•.;[  Ilk-  I ■  ;  in, -n  t  ■  :  -  i ;  v  .  ■  ■  ,n  i.m. 

•  Maintenance  i  stubli  lung  and  eve.  mi  ny  ;n  Otcdures  to  eh  set  \  c  and  ev  alu.nc  the  cite,  ts  -.  >1  ihc  cn 

it ,  'mncii  i  oi:  mm’  U‘t,.i  i  .  . t n v*  set  \  it  i ilk1  ,  >t  I  In  i  cs i  item .  t;  m.unlcnaiK  c  !«''»!-,  ,t  n.!  •  upplii”  .  and 
ter.  ■' '  i lie  i  1  .t i1  ■  : ; i.t i : 1  ’  tit, c  aiitl  set  \  tt  i : t c  tic1  ten--  tes 

•  Human  ba.t”r  ••>•  .  a.  If  •  r.  ■  •  -t  l  \  a::.*:*  ,  ■  m.e;  .i-mg  hitman  'actor  .mpath'.  (at  it. 

1 1 1 ,t ■  11  c  ,  'tft.  '  ■.  V  tci.tifti  •  ■pci a; t  mi.  nitiitMc'MMt c.  atul  handlme  ;>l  i tic  lest  item 

•  Security 

•  /  v.  'K-  ■  cw  n  .■  .  ■  .  •  hr  a'-.|  .eehniqtiC'  lot  observation  and  evaluation 

t'l  -icnaitt1  c  t  ’  - :  t't  the  tc't  ’■■■■■  c;  ,c!  in  .ye:  at  t  »r. .  trail  spurt  .n  storage 

•  t  .r,"i  ,  /.ice  '  /.■  v  .'a.'-  Sells  ’  Util  app  I'piiai'.  camouflage  material* 

•  i  ,ir. ■!« >■; ■•/a.cc  \J.  a;.,.’  /  ecbmqt/cs - -Select me  method*  and  techniques  ot  camouflaging 

the  ics'  m.ii'”  :c.  '  r  t  •  a  -  ci.cind  and  air  observation 

•  h'.  tMtt  I  ■  i-’i.1'  .-n  I'cit.'  •'ii’iti.1  sctiiriit  1 1 ftn  tie!  .  ta-ii  in  each  iite  e\clc  mode 

•  Test  Planning  !n  dev ■. .. ip:ng  a  'c •  plan  lot  a  spcct'ti.  item  the  te*'  engineer  must  tailor  the  .C'ltne 
to  the  .i ' a 1 1.- . ■ .  •  1  •' i  obtainable*  ! act!. ties  w.rh  the  objective  o!  ensuring  that  the  materiel  will  be 
ptoperlv  .  ..J  adequate!*  evaluated  m  terms  ol  it'  performance  in  the  desert  envitonntent.  II  cet - 
lain  elements  o‘  tlte  etc.  n  onment  .annot  be  idequatciv  imposed  on  the  test  item,  these  must  be 
note, I  and  .its.  us  c.:  oth  : fspeet  to  theit  omission  oi  diminished  effect  m  adequately  evaluating 
tiie  siiitabiinv  of  'he  r  ,m  toi  •  •  mission  t ole 

T  I  Hh  Tf  SI  ING  PROCl.SS 

I  I  ••  te  tine  ;■  o  v  cs .  ,  ,,'i.it  ‘  loir  ,  •  e.ui.il  steps:  t ! *  test  ptep.it  at  ton.  i.'t  test  item  prepai.ition.  t  h 

testing  an  !  .tat a  . •  'ilee: it m  m.l  .  o  ii.alv  an,!  •epoittng. 

I  Test  Preparation 

a.  W  h.i:  t*  r<>  b.  .’ewet l''  Review  all  instructional  material  concerning  item  and  reports  ol  prior 
test'  oi  ’iriila:  items,  familiari/c  all  personnel  involved  with  reference  material:  arrange 

ne.ess.iiv  n , lining  tot  test  personnel. 

I-  '/  >m  u  ill  a  be  rested  ' 

i !  I  I  une  or  pi  ojcci  funding  I  mi  nation.'.  per  son  riel  limitations 
I .h  lest  reliability  leqmtcmcnls  and  limitations 

(at  Sample  i/e  Can  test  reliabilit  v  be  statist  tea  II  >  as  aired  ’ 

i  V. 


(b)  Alternative  rt-ltahilil >  assurance— Must  reliability  be  inferred  from  engi¬ 
neering  analysis  of  deficiencies  rather  than  front  statistical  frequencies 
(e  g  ,  testing  of  one  tank  as  compared  to  500  rounds  of  ammunition)'’ 

(3)  Wliat  ranges,  driving  courses,  exposure  sites  are  to  be  used  — new  facilities  required'1 

(4)  What  data  must  be  collected  — instrumentation,  technical  photography  required  ’ 

(5)  Data  analysis  — How  is  data  to  be  collected,  recorded,  reduced,  analyzed  —  conputer  re 
quirentents,  data  graphics  needs? 

(6)  What  maintenance,  sere  ice  and  supplies  are  required? 

(?)  Support  requirements— review  needs  and  arrange  for: 

(a)  I  uel  and  lubricant  analyses 

(b)  Chemical  and  materials  analyses 

(c)  Meteorological  data  special  requirements 

(d)  Computer  suppott 

(c)  Ciraphics  suppott —drafting,  charting,  illustrations 

(f)  Vehicle  aircraft  support 

(g)  Construction  equipment  support 

(8)  Personnel  availability  (test  and  support — professional  and  technician— orientation  and 
training) 

2.  Test  Item  Preparation 

a.  Identification,  Marking  and  Recording— to  ensure  identity  of  the  test  item(s)  throughout  all 
phases  of  the  test  program  — may  include  photographs  (Some  portions  of  the  identification 
process  precede  unpacking,  but  the  process  continues  into  the  operating  and  inspection 
phases  of  the  complete  item  and  its  component  elements). 

b.  Preliminary  Inspection — to  ensure  tiiat  all  components  are  present  and  undamaged  upon  ini¬ 
tial  unpacking;  record  and  report  deficiencies  with  photographs  or  drawings  as  necessary. 

c.  .  Detailed  Inspection—  performed,  as  necessary,  after  phases  of  life-cycle  testing,  including 

operation,  to  determine  effects  of  the  prior  lest  phase  on  the  item  and  before  any  subsequent 


!cvt  nnghl  ti:‘  v.  '  '  utilCI  dot  l.  1C'-  o.  .id  V  e  I  ‘  C  C  I  !  Cs  P  .  ICeOld  al.il  I;,p.X'  ailV  el  C !  Isle",'.,-  I r ' 
ohsci  \  Osl  Alt';  plio',..g!  aplls  <11  >  it  a  A  mgs  as  [levs"-  a  I  . 

it  s \cmbl\  ,i s.oti i hie  item  oi  o.Mi-m  into  operational  sixifiguralion.  anti  make  a  prchr.xmarv 

check  nl  us  funsiionmg.  resold  a  in!  rcp«'M  any  dcliuctKies  (Some  PcxUexis  ol  'o  mas  be 
iinolwi!  prior  t ■ »  assemble  I 

c  liitiO.unu’iiuihin  settatn  diita-gutl.ermg  m\ir  xmeMatum  ciimii-  rui  't 

gano  in-:.>,:.:p.  n  »t-  cleim-ws  ,»f  vu-  tes;  oem  -  e  .g  .  ihcrmo.osipi .  'Mam  gage*.  pro1 
-i.ro  MaiMiii  \ ri  imponaiH  pronmo  inns.  V  observed.  that  Iho  iii'.trumcni  ation  niuM  nav  .'  in 
-.igndis.im  mf'm'm on  the  poi ‘ornianoo  "I  the  (cm  item  Instrumentation  may  he  icquired 
iull  .  ...s  ;  he  op. ' ,i- nal  ph  .  -e  o:  »<u»  a  iso  cl  in  mg  tr  at.  -  portal  i'X.  and  spou.i  c 

p!.a  es  white  omp  men:-  •  ’lie  on  Mo  u  l  He;  ate  o'!  in  their  ">appiv  •  packaged "  son!  i.em 
laMon  ‘-.gain.  M  e  m- '•  nine..' a;u m  t  ...■!  he  deleterious  to  the  test  item  -i.e  .  otoa'.e  pack 

..glllg  dot  a  a'l.O.Os 

'  Vesting  aiul  l)  ita  Collection 


i  ii  tip.  :  "  the  me  .s  'e  -.im:  an,-;,  piooi-ss  rue  somewhat  t.i'ert elated  he-.a.o.  thes 

deal  will;  :tie  ueii.  m  .ii.-n  a  e-.s  p.,  e.-eed  ui:t !  iea.it  a,  .on .  *  >s:lv  in  a  lew  instances,  when  mslaixel  ,-t  .towed 

on  an  iipetationa1  .el.i,  ii  a.  ,  ;  or  ..the-  equipment  vsteiit.  i'  an  item  transpot  ted  in  an  unpackaged  state 
prior  i.-  opeiainxia.  emp,  >•  men:  I  a  it  :\p"  of  item  ha-  been  assigned  specific  exposure  and  transportation 
■  iteiia  m  iu  iespei-t.si  Ii  '  •.  )pei  aiiott-  !,i-.vedi:i' .  .tin.  I:  tie  tii  he  cottsideied  a'  teptesentatitc  i*t  speed  is 

phu  es  o»  st.u.igi  .in.!  IMS-,  s'.  •:  t-  mm,  lo  t  he-a  eu-dc'  must  he  -elcrred  to  in  establishing  the  te't  plan 

tor  a  spc.  1 1  is  i  (ell  i  o.ish"  .  x.sid m  :  kU. 

In  a'  . I. -tame  •’  '  !,  '.it  ;•■■■•  .  ode  arid  lollov.  Ca«.  it  -llhpluiso  ol  the  stoiaee 

p. x ta ( i. xt  element '  ol  .1  u  na-i  -.Ii  o  ensixe  ilim  do' lciem  te-.  aadLioOil  dining  each  siihphaso.  ai 
and  noiod  i it  i ho  t os oi .1  m  i ol.i . ;  at  i  .  mo  .. 'millions  dial  p! ecipita toe!  i ho. n 

sposilis  site  and  ooiiisos  l.aso  noon  si" .ig natoil  .0  'i  IH.  lo.  storago  and  tiaiisportatton  ot  test 
maieiial  I  oi  iOiisis’onoi  xi  tcvu.g  anil  correlation  ol  rostills  with  previous  tests  ol  like  items,  such  tacililics 
should  he  used  wiienevei  possible  <  >nls  when  speoial  eh.iraoiei  isli.m  of  design  or  operation  ol  (lie  test  item 
demand  il  should  alternative  ate.  he  tiiili/ed  lor  these  i.oks.  i  h;s  is  especially  impoitnnt  insofar  as  the  excise 
soiii.ii>  ir anspor  tai ion  cvslc’e  are  eonooi  neil  because  o!  die  possible  major  diftexer.ces  in  die  mioieieiiv  iron 
men!  that  e haraoten/es  a  spooifie  .anno  It  shoulil  bo  recopm,  cd  d.ai  even  a  single,  selected  cour-e  vanes 
* roni  hoitt  lo  hoto  dm  me.  die  day .  .is  wet;  as  •‘tom  das  lo  day  and  seasonally  Vo  impose  further  sanation  bv 
use  of  alternative  unites,  even  iiiotigli  m  rl.o  same  general  area  onlv  makes  die  problem  ol  eonelanon  e > t  it- 
mils  m. x e  dill loirli 

b  /.'irii  li.iimii-.ii:.)  IKii.i  k';-.  aufme  /’/i,  xogrjp/iv 

Ml  oi  :i;.  ,  iiases  .1  tin  hie  cv .  le  ol  deploy meid  ol  a  militaty  item  culminate  in  its  operauo 
■ , ,i )  use ,  and  ol  all  ot  the  Ide  .  v.  I.-  pli.ises.  tins  is  the  most  distinctive  I  osl  ( iperalious  I’locodutos  have  boon 
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picpared  tin  i ho  various  majoi  typos  and  systems  of  materiel  and.  although  generally  eonsistent  with  respect 
to  exposure  and  transport  phases,  are  relatively  distinctive  and  unique  in  their  provisions  for  operational  eval 
nations  Because  the  concerns  are  for  performance  evaluation,  this  area  icquires  the  most  sophistication  in 
data  fathering  systems  -instrumentation  of  physical  functioning;  performance  parameter  measurements; 
data  transmission  and  tecoidmg  systems,  possibly  including  hard  wuc  01  radio  lelemetiv  and  specialized, 
complex  insir  union  is  such  as  cine  theodolites,  velocity  coil  arrays,  and  lield  dynamometers. 

1  he  specifics  ol  functional  tests  of  the  equipment  are  to  be  found  in  the  applicable  I  est  Op¬ 
erations  Procedure.  It  is  essential  that  this,  as  well  as  test  reports  of  earlier  items  of  the  same  type,  be  closely 
studied  to  assist  in  preparation  ol  the  test  plan  and  selection  of  appropriate  test  techniques,  test  tangos  or 
courses,  and  instrumentation  techniques 

I  he  data  i eduction  plan  is  also  inherent  in  this  phase  and  must  be  worked  out  in  coordina¬ 
tion  with  the  computer  facility,  including  possible  real-time  data  recording  through  a  computer  terminal,  as 
well  as  data  analysis  from  cinetheodolite  and  high-speed  cmegraphic  or  video  camera  coverage  and  CRT  dis¬ 
plays  of  transient  phenomena. 

Photography  of  visually  important  or  interesting  aspects  of  the  item  in  operation  can  be 
most  valuable  in  describing  its  characteristics  It  is  most  important  that  deficiencies,  defects,  or  failure^  ol 
components  be  visually  portrayed,  il  possible,  either  by  photographs,  drawings,  or  sketches 

c.  Safely  and  Human  factor v 

These  aspects  of  testing  are  closely  related  anil,  although  they  are  of  some  concern  in  the  ev 
posure  and  transport  phase  of  the  life-cycle,  are.  more  importantly,  matters  for  continual  surveillance  during 
operating  phases  of  the  equipment  under  test.  Again,  the  primary  concern  here  is  to  analyze  the  effects  of  the 
desert  environment  in  these  areas,  even  though  deficiencies  that  might  occur  in  other  environments  should  not 
go  unnoted. 


Since  “safety”  is  protection  of  op  :  ong  01  adjacent  personnel  from  hazardous  effects  of 
the  materiel  and  ‘human  factors'  also  relates  to  functioning  of  the  equipment  in  conjunction  with  its  opera 
tors  or  those  around  it,  these  factors  must  he  kept  in  mind  during  all  test  phases.  Appropriate  surveys,  check 
lists,  and  interviews  with  operating  personnel  should  be  developed  priot  to  the  initiation  of  testing  and  obser¬ 
vations  recorded  by  experienced  specialists  in  these  technical  fields  during  all  phases  of  the  test  program. 

Areas  of  concern  might  be  the  effects  of  hot  metal  surfaces  or  sand  and  dust  on  the  human 
operators’  increased  water  needs;  quicker  onset  of  fatigue;  higher  ambient  an  temperatures;  perspiration  on 
hands  (slipping  on  controls  and  tools);  sunglarc,  lack  of  contrast  ol  sunlit  and  shaded  markings  on  controls; 
and  increased  workload  necessary  to  keep  equipment  clean  and  operable 

d.  Maintenance 


cern: 


Two  aspects  of  maintenance  ol  the  test  item  m  tin  desert  environment  are  of  primarv  con 


(I)  Ate  special  or  enhanced  maiutcnurnc  operations  ncscssaiv  to  piovide  reliable  perfor 
manec  in  I  tie  desert  as  compared  w  ith  1101  mnl  operations  ’ 
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(2)  Docs  i he  desert  cm  irontnent  have  .nKci  w  eMv\  ■  .  "i  'lie  •ii.tiintii.iti  ■  pi".  >  ■  ■ . .. 

equipment,  and  materials  used  lor  inaintenan  ■  ol  iUv  'e-i  item  ' 

Some  geneial  aspects  ol  dilluullv  ol  maintaining  equipment  III  t In-  Inn  ,li-oi  an-  'In  .1 
stain  presence  ol  blow  mg  sand  and  dust,  presetk  e  ol  hot  sm laces  on  equipment  being  sen  k  ed  m-  n  he  on 
mg  unbeatablv  hot  Irom  lying  on  the  hot  ground  01  in  the  sun.  and  rapid  la'igae  ol  pei'onnel  I  In  i,  io 
generally  increased  requirements  lor  changing  oil  and  in  'liters,  adding  .m  lanp.  icplemd mg  csapor.m  .1 
liquids,  and  maintaining  cleanliness  inside  and  aiound  contiols,  switches,  and  operating  elernenis  ol  the  'e  1 
item . 


bach  type  of  material  is  differently  alleged  in  this  respect,  and  specific  provisions  loi  mam 
tr nance  evaluation  are  pros  ided  tor  each  in  the  I  est  Operations  Procedures.  The  principal  concern,  flow  ever , 
1  '  all  maintenance  conducted  on  the  test  item  be  recorded.  1  he  record  should  prov  ide  comments  and  in 

fo.  nation  as  to  whether  maintenance  actions  are  scheduled  or  unscheduled,  ihe  parts  or  components  in¬ 
volved,  the  amount  of  time  required,  ease  of  accomplishing  each  task,  necessity  for  special  tools  or  skills,  and 
adequacy  of  manuals  and  msliuctions,  all  with  particular  attention  being  given  to  the  effects  of  the  desert 
t  he  record  should  he  completely  clear  with  respect  to  the  impact  o!  the  desert  and,  where  practicable,  sup 
ported  by  photographs  ot  drawings  illustrating  anv  deficiencies  observed 

e.  Security 

Ihe  desert  environment,  at  most  times,  presents  a  difficult  problem  in  preventing  obser 
vation  01  detection  of  materiel  by  an  enemy ,  \  isibihty,  is  usually  very  good:  ground  cover  is  spaise;  and  only 
terrain  irregularities  -gullevs,  dunes,  hummocks  or  rocky  hills-— provide  possibilities  of  natural  concealment. 
Vehicle  tracks  in  open  terrain  remain  visible  for  long  periods  of  time,  and  vehicle  movements,  artillery  and 
rocket  firing  can  raise  dense  clouds  of  dust  that  can  be  seen  at  long  ranges. 

bach  Test  Operations  Procedure  has  specific  provisions  for  testing  feasibility  of  concealing 
ca.  It  type  of  material  from  observation  and  detection,  usually  m  a  multiplicity  of  terrain  types,  such  as  open 
desen  pavement  with  no  covet;  rocky  or  boulder  strew  11  desert  floor  with  no  cover;  desert  floor  with  non 
succulent  xcrophyttc  vegctaPon.  surfaces  composed  of  loose  or  drift  sand. 

I  vpical  observation  ranges  of  MM),  loot)  and  2000  meters  are  used  both  at  ground  level  and 
elevated  positions,  as  well  as  Itom  aircraft  and  at  different  limes  of  ihe  day  and  with  various  amounts  of 
cloud  cover. 


Specific  efforts  are  made  to  provide  optimum  camouflage  for  emplaced  weapons,  storage 
sites  fot  supplies,  and  parked  vehicles,  utilizing  equipment  painting  and  camouflage  net  garnishing  materials 
best  suited  to  the  desert  terrain 

Observations  are  made  and  recoided  with  regard  to  signature  effects  during  transport,  em 
placement  and  use  of  the  equipment  in  relation  to  operational  noise,  dust  clouds,  flash,  smoke,  track  pat 
tetris,  I  M  radiation,  and  the  like,  as  well  as  comments  concerning  static  concealment.  Photographic  records 
of  these  tests  should  he  an  integral  element  of  the  analysis  and  report.  C  olor  and  K  W  still  pictures, 
cinegraphic,  and  IR  photographs  should  he  considered  for  inclusion  in  such  coverage,  depending  on  the  type 
of  item  under  studv 
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APPENDIX 

BRIEF  HISTORY  OF  U.S.  ARMY  YUMA  PROVISO,  GROUND 
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I  Xsep?  !i>r  ser  i  is  e  n  i'  P; :  toi  med  dur  me  H  irr.iin:  u  .neeus  ei  s,  '  o;  ps  of  I-  ne meets  eqmpmeni  ■•  .0 

es  a  In  a  red  fn  1  he  l  01  p-  oi  i  neir.ee:  s,  \  uma  I  es*  Hi  am  h.  di  reeled  Pom  i  ■  >:  i  H  as  or  ,  Virgin:.!  I  s.ilii.iaai:  .  : 
engineer  eonsirueiion  and  bridging  equipment  vs  as  sondUs  test  on  ifie  <  olorado  Rivet  Heio.s  luipepal  D.-.  • 
Dunne  I  *<42.  lea  -  ed  building'  -.sere  used  aunne  te-'  "oik  eoTidueied  near  I  aeuna  Dam  1  he  iaek  ot  .lose  *>, 
tUsilmes  i es ulted  111  a  rm n e  to  die  Imperial  Dam  vieuntv  1:1  lamiatv  I'M 1  attsi  pts'hablv  the  t it  s*.  A> ,  use  '.o’ 
engmeei  me  icq  pm  poses  o'  the  aiea  noss  soniait.esi  within  V  uma  Piovmg  (uound  I  he  I  ngineei  Board 
tested  mol  01  y  1  ade:  s  in  Mie  seiwiikiian  o’  dese:  1  oad'.  tom  vs  heel  dr  >v  e  and  tandem  -  dt  i'  e  graders  m  sand . 

"  -1 1  aes.  and  v  .11  u  'in.  rumors  .0  'i  urtu  and  drd  com  p.t  rail'  e  test  me  ol  di'/crx  and  grader  s  a:  f  11:11,1  and  at 
t  amp  'loans:  and  Iheinnd.  <  ilitotm.i  I  lie  Desen  I  i.iimne  Command  conducted  eomplementai  s  seivio. 
n/Ms.ut  amp  >  our.c  'I  .oun.i  Vmv  An  field  vs.- .  ^instructed  m  its  piesent  location  dining  this  pern-si 

I  r  mi  iis  min, il  esi.it'lislinieni  ami  di'ignation  :i'  Vuma  Ies;  Brans'll,  thunigh  IK4K,  the  area  undei  ss  en’ 
several  11  line  •  hanees  svnliin  the  t  oip  <M  I  ngmeets  Becoming  >  tuna  I  ,'st  Station  1  Jatmarv  1944  ami  heme 
dee lai eil  " s  1  ess  t o  Anns  1  e,|un emeiits  el  P'Stive  !  .lamiatv  i *45 0 

(  VUMA  SITF  SEI  FOTION 

Dining  IV'M.  a  team  repieseiitme  'lie  \11nv  Ieshmsal  Serv isos  —  (>tdnanse  C  orpx.  Signal  Corps,  (Juar 
lennasier  (.  oips.  t  hemii.il  v  oip-,  1  1  .oopoi ;  .1 :  .on  (.  orps.  and  <  taps  of  I  neineers-  headed  hv  a  represent.! 
live  of  Mia  Ami v  <  >1 1 ise  of  Kiu.inh  ami  Dev i-lopnicnt.  D?  Paul  Siple,  touted  the  southwestern  desert  area  to 
evaluate  the  Miitahilus  >1  s.hious  a  e.i-  iml  Hsi'iiiiiu'ihI  a  site  fot  estahlislinien;  "f  an  .Arms  desert  tesi  fa 
1  ilit  v  I  he  aie.is  exammesl  in.  lud'-i,  ■  'ie  Isii  met  >  uma  I  e't  Station  and  sin  H'tuisimgs,  Blythe  and  areas  around 
Barstow.  r  alifi'i ma.  ami  those  mli  .0  noss  onupie.l  hv  I  on  Itvvui,  I  dwatils  An  I  okc  Base,  Iwentv  Nine 
Palms  Mai  me  <  orp'Base  .11;.!  on:  ■  \s..  ,i  mss anl  linin'.  I  I  (  entto.  and  the  Coachella  Valiev  area  Iheevalu 
aling  team  leiommeinled  Mi.  'i  uma  .ue.i  toi  establishment  o'  the  Amiiv  desett  tesi  taeililv  not  only  heeausc  of 
env Honmeiu.il  -uilahiliiv  and  is .ul.P'te  space  hut  also  heeattxe  of  the  existence  of  administrative,  lahotatotv. 
and  miht.uv  housiiu'  l.uililies  and  utilities  constructed  hv  previous  (  oips  of  I njnneei  occupants.’''  Il  was 
reevlablished  a-  a  test  'in-  and  <  lass  I  installation  m  the  spring  of  19.^1  under  adminiMialive  conlrol  of  the 
Sivili  Anns 
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O  EARLY  FORMAL  TEST  ACTIVITIES 


1.  Corps  of  Engineers 

i  f  ng  ncet  Ki'H'.ikli  and  Development  C  enter  al  I  t  Ifclsmr  teestahlished  a  pcim.inent  test  lean) 
ai  't  tuna  .  co  Vation  in  the  spring  of  1951  I  his  team,  designated  the  Coips  of  I  ngineers  C  Timatu  field  lest 
leant,  eoiilmned  previous  inn1  .ligation s  in  the  area,  eondtieted  desert  tests  ot  eonstrtietion  equipment,  and 
pros  ided  seientif le  suppot  t  to  s . rious  user  and  tenant  aetts  ities  I  ho  e f  fort  continued  until  the  Arms  reorga 
ni /at  ton  ol  I  veC,  hs  w  hie  h  t  ime  the  team  ss  as  know  n  as  the  Cot  ps  of  Engineers  Desei  i  I  est  Act  is  its . ' 

2.  Ordnance  Corps 

I  he  tirst  Ordnance  C  orps  desei:  test  programs  at  \  uma  lest  Station  were  conducted  in  1951  and 
1  ^ S 2  hs  the  Ordnance  Climatic  l  est  Detachment,  sshieh  operated  in  the  summer  at  Vuma  and  in  the  ss  inter  at 
Ft  c  hurehill,  C  anada.  Hs  I9bn.  ns  mission  had  heen  expanded  to  include  development  testing  ot  freeflight. 
short  range  rockets,  testing  of  fuels  and  lubricants;  and  conducting  studies  of  air-drop  effects  on  Ordnance 
materiel  :n  the  air  deliseiy  program. 

3.  Quartermaster  Corps 

I  he  Quartermaster  Research  and  Engineering  Command  o f  Natick  I  ahoratories,  Massachusetts, 
sent  teams  :o  Yuma  lest  Station  starting  sxuh  the  summer  of  1953  A  small  Quartermaster  detachment  seas 
permanently  stationed  at  luma,  operating  a  petroleum  laboratory  for  the  Ordnance  Test  Activity,  but  test 
teams  usually  stayed  lot  just  a  portion  of  the  summer.  I  he  Quartermaster  actis  ny  for  testing  air  delivers  sys¬ 
tems.  methods,  and  techniques  seas  transferred  from  Ft.  I.ee  Blackstone  Army  Airfield.  Virginia,  to  Yuma  in 
1 95  S;  however,  this  w  as  not  essentially  an  env  iron  mental  test  activity . 

4.  Chemical  Corps 

The  Chemical  (  otps  transferred  a  small  party  to  Yuma  for  environmental  tests  in  1952.  Facilities, 
including  a  toxic  chemical  laboratory  were  built  for  environmental  and  surveillance  tests  of  agents  and  protec¬ 
tive  equipment.  Subsequently ,  responsibility  for  the  actis  ity  was  transferred  from  Edgewood  Arsenal  to  Dug 
way  Proving  Ground,  and  the  work  was  reduced  to  surveillance  testing  of  nontoxie  chemical  weapons  and 
desert  environmental  tests  of  protective  equipment. 

5.  Signal  Corps 

The  Signal  Corps  provided  a  permanent  meteorological  detachment  beginning  in  1951  Test  teams 
utili/ed  the  Test  Station  for  at  least  the  summers  of  1951-53,  concerning  primarily  desert  environmental  tests 
of  radio  and  landline  earner  equipment  and  shelters.  In  the  late  I950's.  the  Electronic  Proving  Ground,  which 
had  been  established  at  Tort  Huachuca,  instituted  a  pri  •><  am  of  test  flights  of  surveillance  drone  aircraft  from 
Yuma  I  est  Station  to  Et  Huachuca.  utilizing,  in  part,  lim  station's  airspace.  A  permanent  party,  the  Surveil¬ 
lance  Drone  lesi  Detachment,  was  formed  at  Yuma  in  1959." 
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F.  PERTINENT  ESTABLISHMENT  OF  YUMA  PROVING  GROUND 

f  ollowing  l he  reorganization  of  the  Army  in  1962  and  ihe  dissolution  of  the  Ieehmeal  Services,  (he 
V  uma  lest  Station  was  redesignated  Yuma  Proving  Ground,  effective  I  July  196.1,  under  the  Army  Material 
(  ommand  (  lest  and  Evaluation  C  ommand)  and  as  a  major  Dol)  range  test  facility  managed  bv  the  Depart 
mem  of  the  Arms,  16  August  I9U  ' 
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